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SUMMARY  - 

Pave  Tack  is  an  all  weather,  day  and  night,  navigation  and  weapon  delivery  system  fitted  to 
the  F-lllC  aircraft.  A  PC-based,  interactive  digital  computer  simulation  has  been  written 
which  can  be  used  to  assess  the  performance  of  the  Pave  Tack  system  and  also  as  a 
computer-aided  training  device.  In  forming  the  simulation,  it  was  necessary  to  model  a 
number  of  avionics  and  sensor  aspects  and  an  F-lllC  flight  path  generator  was  used  to 
produce  accurate  data  off-line.  This  report  details  the  history,  structure  and  general 
capabilities  of  the  F-lllC  Pave  Tack  Simulation  (FPTS). 
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1  INTRODUCTION 

The  Pave  Tack  System  (AN/AVQ>26),  installed  on  the  RAAF  F-lllC  aircraft  is  a  24>hour 
weapon  delivery  system  and  navigation  aid  with  eicctro-optical  target  acquisition  arul  a  laser 
designator,  it  consists  of  a  pod,  mounted  in  the  weapons  bay,  which  is  capable  of  being  lowered 
below  the  fuselage  with  controls  aitd  displays  used  by  the  Weapons  Systems  Officer  (WSO)  in 
the  cockpit.  It  incorporates  an  Infrared  Detection  Set  (RDS),  also  known  as  Forward  Looking 
Infrared  (FLIR),  which  in  addition  to  improving  day  and  night  operability,  can  be  used  in 
relatively  advvse  weather  cortditions.  A  model  capable  of  predicting  the  performance  of  Pave 
Tack,  both  'n  the  navigation  mode  and  as  an  aid  to  the  delivery  of  weapons  was  required.  The 
work  Iv'^an  under  Air  Force  task  AIR  86/166  “F>111C  Pave  Tack  Modelling",  and  continued 
under  AIR  90/096,  'Pave  Tack  Pre-mission  Simulation".  There  were  a  number  of  aspects  to  this 
work.  First,  information  describing  the  physical  characteristics  of  the  Pave  Tack  system  and  the 
details  of  operation  of  its  components,  particularly  the  logic  embodied  in  its  computer,  was 
collected  and  assessed.  The  expertise  of  engineers  at  British  Aerospace  Australia  (BAe  (Aust)) 
who  had  been  involved  with  the  system  prior  to  and  during  the  purchase  and  initial  acceptance 
trials,  was  called  upon  to  identify  the  interaction  with  aircraft  sensors  and  aviorucs  systems.  The 
analog  interface  unit,  unique  to  the  F-lllC,  was  given  special  attention.  Existing  studies  such 
as  the  Pave  Tack  error  propagation  study  by  Cowral  Dynamics(12]  arul  models  of  weapon 
trajectories,  the  ballistic  computer  uiut  and  the  atmosphere  developed  by  the  RAAF  Pave  Tack 
Office  at  McCellan  Airforce  Base,  California!^]  were  examined  to  determine  whether  they  could 
be  incorporated  directly  or  corKeptually  into  the  proposed  simulation.  Although  a  great  deal  was 
learned  from  these  mc^els,  their  philosophies  were  not  compatible  and  computer  code,  where 
available,  was  not  readily  transferable.  IRDS  studies  done  at  the  DSTO  were  also  exannined  to 
ascertain  their  possible  incorporation  into  the  simulation. 

It  was  determined  that  a  new  model,  referred  to  as  the  'T-lllC  Pave  Tack  Simulation  (FPTS)", 
should  be  developed  in  the  then  Combat  Syst«ns  Division  (CSD),  and  was  to  be  a  simulation 
in  tinte  of  the  Pave  Tack  system  and  other  relevant  associated  processes.  Pave  Tack  performaiKe 
is  critically  affected  by  a  number  of  factors  including  the  human  operator,  sensors,  aircraft 
avionics,  the  aircraft's  Right  path  and  the  environment  Decisions  on  what  subsystems  to  include 
had  to  be  made,  and  methods  for  iiKorporatii^  them  into  a  simulation  model  had  to  be 
determined.  The  size  and  complexity  of  the  simulation  also  had  to  be  kept  at  a  level  enabling 
the  overall  simulation  model  to  nm  in  a  reasoitable  time,  while  maintaining  the  accuracy  of  the 
sub-model  results  commensurate  with  the  desired  overall  accuracy  of  the  study.  To  achieve  this 
trade-off,  it  was  necessary  in  a  number  of  cases  to  deviate  from  the  simple  expedient  of 
simulating  the  actual  avionics  system  in  an  appropriate  amount  of  detail,  and  instead  to  simulate 
something  like  it,  ie  a  system  which  was  partially  or  wholly  generic. 

In  deciding  what  was  a  true  representation  of  the  systems  to  be  modelled,  many  sources  were 
used,  numerous  errors  had  to  be  corrected  and  many  ambiguities  aitd  conflicting  statements  had 
to  be  examined  carefully  and  resolved.  This  report  as  well  as  providirtg  an  overview  of  the 
model,  represents  the  only  defirUtive  statement  of  the  ratified  versions  of  equatioru  aitd 
procedures  governing  the  precise  operation  of  the  model.  A  number  of  systems  were  dealt  with 
separately,  iiKluding  the  inertial  navigation  system(10371,  the  manoeuvre  controIler(24,25,26], 
the  aircraft  flight  model,  the  human  operator(36i,  the  terrain  foUotving  radar[14]  and  the  terrain 
nrKXlel[4,15]. 

During  the  early  stages  of  the  study,  information  on  the  perfbrtnarKe  of  Pave  Tack  was  required 
for  the  System  Segment  Spedfkatian  for  the  F-lllC  Avionics  Update  Study  being  conducted  by 
the  RAAF.  This  work  was  done  under  the  auspices  of  AIR  M/166  by  BAefAust)  under  foe 
direction  of  foe  DSTO.  That  aspect  of  foe  work  is  published  in  refererKes  7  and  8. 
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2  FPTS  MODELLING  CONCEPTS 

When  formulating  a  concept  for  modelling  the  Pave  Tack  system,  it  very  rapidly  became  evident 
that  it  would  not  be  sufficient  to  cotvem  ourselves  with  only  the  contents  of  the  pod.  The 
number  of  factors  and  subsystems  to  be  simulated  quickly  escalated  following  delibention  on 
parameters  which  needed  to  be  considered  (see  Figure  1).  There  is  a  constant  interchange  of  data 
between  the  pod  and  the  aircraft's  on-board  computers,  in  particular  the  Iitertial  Bomb 
Navigation  System  (IBNS)  and  the  Central  Air  Data  Computer  (CADC).  Since  Pave  Tack  is  a 
digital  piece  of  equipment  and  the  aircraft  systems  are  analogue,  these  interchanges  must  be 
done  via  an  Analogue-to-digital/digital-to-analogue  Interface  Unit  (AIU).  The  motion  of  the 
aircraft  also  must  be  considered.  Because  of  program  size  and  run-time  considerations  this 
required  an  off-line  flight  and  nurtoeuvre  controller  simulation.  Information  from  a  number  of 
sensors  is  used  and  th^,  listed  in  the  second  column  of  Figure  1,  include: 

(a)  Imaging  devices:  radar,  passive  infrared  aiKl  visual  sensing. 

(b)  Position  sensing  devices:  the  inertial  navigation  system,  the  infrared  laser  range  finder, 
the  terrain  following  radar  and  the  low  altitude  radar  altimeter, 

(c)  Atmospheric  parameter  sensors:  pressure  altimeter  and  wind  speed  sensor. 

The  simulation  of  these  sertsors  calls  for  models  of  environmental  and  cultural  parameters 
including  the  atmosphere,  terrain  elevation,  vegetation,  targets  used  for  navigation  updates 
(referred  to  as  offset  aimpoints)  and  weapon  targets  (referred  to  as  mission  targets).  During 
target  tracking  prior  to  weapon  delivery  and  when  the  Pave  Tack  system  is  used  for  navigation 
updating,  the  F-lllC  Weapons  Systents  Officer  (WSO)  is  required  to  position  and  maintain  cross 
hairs  on  the  target  Although  the  system  provides  rate  assistance,  the  human  performance  must 
be  simulated.  In  order  to  provide  a  measure  of  the  effectiveness  of  weapon  delivery  using  Pave 
Tack,  it  is  necessary  to  use  weapon  delivery  modeb.  These  can  vary  from  six  degree  of  freedom 
flight  modeb(141,  through  to  quite  simple  point-mass  traiectory  estimates  such  as  that  in  [8].  The 
resultant  model,  although  designed  to  predict  the  performance  of  the  Pave  Tack  system, 
erKompasses  a  number  of  subsystems,  some  of  which  are  useful  in  own  right  and  can  be 
extracted  as  separate  modules.  DetaUs  of  the  program  philosophy  and  structure  are  given  in 
Section  12. 


3  THE  PAVE  TACK  POD 


The  Pave  Tack  system,  manufactured  by  Ford  Aerospace,  consbb  of  a  pod  mounted  on  the 
aircraft  fuselage  and  associated  cockpit  dbpbys  and  controb.  It  includes  or  incorporates  the 
following: 


SDU 

LCP 

PTPod 

PTCP 


Signal  Dbtribution  Unit 
Laser  G>ntrol  Panel 
Pave  Tack  Pod 
Pave  Tack  Control  Panel 


The  system  includes  the  Pave  Tack  Operational  Flight  Program  (OFP)  used  by  the  digital 
computer  resident  in  the  pod  base(30].  When  referring  to  foe  pod  in  thb  simubtion  we  will 
generally  be  concerrted  with  its  mode  of  operation,  viewing  direction  and  the  flow  of 
information  to  and  from  ib  digital  computer.  To  put  these  into  perspective  it  is  necessary  also 
to  have  some  understanding  of  foe  physical  byout  and  reliant  components.  The  F-lllC 
Pave  Tack  system  b  complex  and  foe  reader  b  referred  to  Appendices  D  through  to  Xn  for 
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details  of  the  aspects  that  were  included  in  the  simulation  and  the  equations  and  procedures 

which  define  its  operations. 

3.1  Pod  location  and  structure 

In  the  F-lllC,  the  pod  is  fitted  into  the  fuselage  weapons  bay.  It  is  completely  contained 
within  this  bay  during  take-off  or  landing  or  when  not  in  use,  but  is  lowered  to  a  position 
just  outside  the  fuselage  for  use.  The  deployment  sequence  of  the  pod  is  illustrated  in 
Figure  2.  The  double  gimballed  turret  is  at  the  rear  of  the  pod.  Problems  relating  to  the 
strain  of  the  pod  and  the  aircraft  (which  can  be  considerable)  have  be«i  omitted  since  a 
"g-load  patch”  to  the  OFP  to  counteract  the  effects  of  bending  under  load  is  available, 
although  it  is  not  yet  installed  on  the  aircraft.  A  detailed  description  of  the  Pave  Tack 
system  can  be  found  in  refererKes  1  and  2.  Figiire  3  shows  the  Pave  Tack  pod  indicating 
the  arrangement  of  its  main  components.  It  is  divided  into  a  Base  Section  Assembly[l]  and 
a  Head  Section  Assembly.  A  turret  in  the  Head  Section  contains  an  optical  bench  on 
which  are  mounted  the  FLIR,  laser  designator,  laser  range  receiver,  and  the  stabilised 
sight. 

3.2  Pod  dynamics 

When  the  pod  is  operational,  the  base  is  fixed  with  respect  to  the  aircraft  and  the  head 
can  rotate  in  roll  with  respect  to  fttis  base  and  the  turret  can  rotate  in  pitch  with  respect 
to  the  head.  These  two  forms  of  rotation  are  known  as  outer  roll  and  outer  pitch  or 
rotations  through  outer  gimbal  angles  and  provide  full  lower  hemisphere  line-of-sight 
(LOS)  coverage.  They  are  used  as  coarse  aiming  devices  for  placing  the  pod  sightline  on 
the  target.  The  mirror  in  the  stabilised  sight  is  free  to  rotate  in  azimuth  and  elevation. 
These  two  forms  of  rotation  are  known  as  inner  pitch  and  inner  yaw  or  rotations  through 
inner  gimbal  angles  and  are  used  to  provide  fine  adjustments  to  the  pod  sightline. 
Positioning  of  the  pod  sightline  is  therefore  achieved  by  at  most  four  rotations  -  outer  roll 
and  pitch  and  inner  yaw  and  pitch.  These  coarse  and  fine  motions  are  represented  in  the 
model.  The  "optical  bench"  is  stable  and  accurate  enough  to  warrant  not  modelling  it 
explicitly;  its  small  alignment  errors  are  represented  statistically. 


4  PAVE  TACK  SYSTEM  MODES  OF  OPERATION 

It  is  advantageous  to  understand  foe  typical  modes  of  operation  that  are  used  in  an  F-lllC  flight 
mission  and  how  such  modes  are  processed,  both  in  the  actual  system  and  in  the  FFTS.  There 
are  two  distinct  stages  of  operation  that  can  occur  repeatedly  during  a  mission,  namely  target 
(or  any  other  aimpoint)  acquisition  and  rtavigation  updating.  The  two  modes  of  pod  operation 
that  correspond  to  these  stages  are  foe  seardt  and  track  modes  respectively.  Track  mode  is  also 
used  to  maintain  target  deugnation  during  weapon  delivery.  These  modes  are  discussed  in  the 
following  sections.  It  will  be  apparent  that  the  effectiveness  of  foe  Pave  Tack  system  is 
considerably  iitflueiKed  by  foe  WSDs  ability  to  carry  out  a  number  of  duties(36].  It  is  also 
important  to  note  that  the  Virtual  Image  Display  (VID)  unit  has  two  screens:  the  primary  and 
the  secondary;  the  primary  screen  is  the  larger,  lliis  allows  the  operator  to  view  both  the  return 
of  foe  attack  radar  and  foe  infrared  itrtage  fnm  the  FT  pod  simultaneously.  FT  is  said  to  be 
prime  if  the  pod  dispby  occupies  foe  primary  screen  and  the  radar  foe  secotKiary.  Similarly  radar 
is  prime  if  this  saeen  allocation  is  reversed. 

4.1  Pave  Tack  search  modes  (target  acquisition) 

There  are  five  search  modes  which  are  operator  selectable.  These  are  forward  acquire,  left 
acquire,  srtow  plow,  terrain  monitor  and  cue  modes.  These  modes  are  used  in  the  visual 
acquisition  of  the  target  and  other  landmarks  and  are  selected  via  push-button  switches 
on  the  Pave  Tack  G)ntrol  Panel  (PTCP). 
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In  forward  and  left  acquire  modes  the  pod  sightline  is  electrically  caged  to  the  aircraft 
reference  frame.  In  forward  acquire  mode  the  pod  sightline  is  pointed  directly  ahead  of 
the  aircraft  and  at  some  depression  angle  relative  to  the  aircraft  longitudinal  (Y)  axis.  This 
differs  from  the  standard  use  of  axes  to  conform  with  the  pod  usage.  If  FT  is  prime  then 
the  operator  can  make  adjustments  to  this  depression  angle  via  the  thumbtracker  control 
on  the  Antenna  Indicator  Control  (AIC).  Left  acquire  is  a  similar  mode  where  the  pod 
sightline  is  now  directed  along  the  left  wing  of  the  aircraft  and  at  some  operator- 
adjustable  depression  angle  relative  to  the  negative  X  axis  of  the  aircraft  reference  frame. 

In  snow  plow  mode  the  pod  sightlirw  is  fixed  in  inertial  space  and  is  particularly  useful  for 
searching  along  straight  roads  and  similar  terrain  features.  With  PT  prime,  the  inertial 
position  of  the  sightline  can  be  altered  by  the  operator  depressing  the  enable  switch  on 
the  AIC  to  half-action  aiKl  moving  the  AIC  handle.  When  in  terrain  monitor  mode,  the 
sightline  of  the  pod  is  coincident  with  the  velocity  vector  of  the  aircraft.  The  sightline 
location  is  not  adjustable  by  the  operator  in  this  mode  of  operation. 

In  cue  mode  the  pod  sightline  is  slaved  to  a  specific  ground-based  position  determined  by 
the  navigation  system.  This  position  can  be  either  that  of  the  target  or  an  offset  aimpoint. 
The  aimpoint  can  be  selected  in-flight  by  the  operator.  The  position  of  the  target  (mission 
destination)  is  described  by  latitude  and  longitude,  and  offset  aimpoints  are  characterised 
by  their  positions  relative  to  the  target.  Alteration  of  the  sightline  position  when  in  cue 
mode  can  be  achieved  by  the  operator  depressing  the  enable  switch  on  the  AIC  to  half¬ 
action  and  moving  the  AIC  handle.  This  mode  of  operation  is  known  as  coarse  cue  and  is 
generally  used  prior  to  placing  the  pod  in  track  mode  and  achieving  navigation  updates. 

Manual  repositioning  of  the  pod  sightline  when  in  a  search  mode  is  achieved  through 
outer  gimbal  rotations  of  the  pod  head  and  turret.  The  operator  must  manually 
compensate  for  any  aircraft  motion  when  ntoving  the  sightline  to  the  desired  position;  he 
is  not  automatically  assisted  in  any  way  during  this  task.  For  this  reason  such  adjustments 
are  referred  to  as  coarse. 

4.2  Pave  Tack  track  modes  (target  designation  and  navigation  updates) 

There  are  two  modes  of  operation  associated  with  target  designation  and  navigation 
updating,  namely  track  and  merrrary  point  track  (MPT)  modes. 

Track  mode  can  be  entered  ortly  if  Pave  Tack  is  prime  arxl  is  selected  by  momentarily 
depressing  the  enable  switch  on  the  AIC  to  full  action  and  then  completely  releasing  it. 
Track  n>ode  must  be  entered  in  order  to  generate  navigation  updates  to  the  stored 
destination  (target)  or  present  position  (aircraft).  It  is  also  a  crucial  stage  in  the  weapon 
delivery  process.  Both  navigation  updating  artd  weapon  delivery  are  discussed  later. 
When  in  track  mode  the  operator  must  endeavour  to  kwp  the  pod  sightline  on  the  target 
by  making  firw  adjustments  to  the  pod  iimer  gimbal  angles  via  the  thurrrb  joystick  on  the 
AIC.  The  operator  is  rate-assisted  in  this  task  by  signals  generated  in  the  pod  which 
attempt  to  nullify  sightUne  drift  caused  by  aircraft  motion.  When  in  track  mode  the  )aser 
range  finder  can  be  fired  and  is  used  to  give  a  precise  value  for  aircraft-to-target  range 
and  an  invaluable  aid  in  the  rravigation  update  and  weapon  delivery  processes. 

Memory  point  track  mode  is  automatically  entered  if  during  track  mode  the  pod  sightline 
attempts  to  pass  through  some  part  of  the  aircraft  fuselage  or  a  region  where  the  laser  is 
rH>t  permitted  to  fire.  MPT  can  also  be  manually  selected  if  for  example  the  target  inrage 
is  obscured  by  terrain  or  some  terrain  feature.  Manual  selection  is  achieved  by 
momentarily  depressing  the  enable  switch  of  the  AIC  to  half-action.  Track  rrKde  is 
reselected  autonraticaily  with  use  of  the  thumb  joystick.  When  in  MPT  mode  the  pod 
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computes  sightline  position  in  a  similar  manner  to  that  inherent  in  track  mode.  MPT  is 
also  invoked  when  the  radar  is  made  prime  whilst  in  track  mode. 

The  attack  radar  can  also  take  on  a  number  of  modes  for  navigation  purposes.  Generally 
the  radar  cursors  locate  the  same  grouiKl  point  as  that  viewed  by  the  FT  pod.  However, 
if  the  target  does  not  provide  a  satisfactory  radar  return,  differential  sighting  can  be 
selected  where  the  radar  cursors  are  slaved  to  some  offset  position  while  the  pod  sightline 
continues  to  be  directed  at  the  target  Navigation  updates  (using  target  or  offset  returns) 
can  also  be  generated  by  using  the  AIC  with  the  radar  prime. 

4.3  Pave  Tack  navigation  and  navigation  updates 

The  mission  destination  or  target  coordinates  are  stored  prior  to  the  mission  in  the 
Navigation  Computer  Unit  (NCU).  The  coordinates  used  are  latitude  and  longitude.  The 
positions  of  up  to  six  offset  aimpoints  can  also  be  stored.  There  is  also  the  facility  for  a 
manual  ottset  which  can  be  input  by  the  WSO  during  the  mission.  An  offset  is  generally 
a  distinct  landmark  either  in  the  vicinity  of  the  target  or  en  route  to  the  target.  An  offset 
close  to  the  target  may  be  Imown  to  provide  a  better  radar  or  infrared  return  than  the 
target  itself  and  can  therefore  serve  to  assist  weapon  delivery  and  navigation  in  the  firul 
stages  of  the  mission.  During  flight  the  aircraft's  present  position  (latitude  and  longitude 
also)  is  calculated  by  die  Inertial  Navigation  System  (INS).  In  the  FFTS  the  present 
position  is  calculated  by  integrating  the  inertial  velocity  components  of  the  aircraft. 

Navigation  is  achieved  by  either  great  circle  or  short  range  navigation  procedures.  The 
solution  to  the  navigation  problem  gives  the  desired  aircraft  heading,  components  of 
aircraft-to-target  range  and  dme-to-go.  Great  circle  navigation  is  used  for  distances 
exceeding  2(X)  nautical  miles  and  uses  spherical  geometry  to  give  the  great  circle  route 
between  the  aircraft  and  target.  This  gives  the  route  of  shortest  distance  but,  due  to 
meridional  convergence,  necessitates  diat  the  airaaft  continually  change  heading.  For 
distances  less  than  200  nautical  miles,  short  range  navigation  is  mployed  which  solves 
the  navigation  problem  by  considering  a  rhumb  line  on  the  earth's  surface  which  makes 
the  same  angle  with  each  meridian.  Aircraft  heading  is  therefore  kept  constant  in  this 
mode  of  navigation.  The  effect  of  earth  curvature  between  the  aircraft  and  target  is  also 
considered. 

Navigation  errors  can  result  from  a  number  of  sources  including  inaccuracy  in  the  stored 
target  or  offset  positions,  instrumentation  errors  and  INS  imprecision.  Such  errors  can 
accumulate  throughout  a  mission.  The  use  of  navigation  updates  is  therefore  critical  to  the 
overall  mission  effectiveness.  Updates  can  be  applied  to  destination  and  present  position, 
aircraft  altitude  and  aircraft  and  wind  velocity.  As  an  illustrative  example,  position 
updating  is  discussed  below. 

A  position  update  can  be  applied  to  either  the  stored  destination  (ie  the  target)  or  the 
present  position  of  the  aircraft  and  the  selection  is  made  via  a  switch  on  the  Radar  Control 
Paitel  (RCP).  The  need  for  a  position  update  will  be  most  apparent  when  the  cursors  of 
the  PT  or  radar  display  are  not  satisfactorily  superimposed  over  the  return  of  the  target 
or  offset  viewed  (when  in  cue  mode).  'The  navigation  update  process  essentially  adjusts 
either  the  stored  target  or  aircraft  position  such  that  the  above  condition  is  satisfied.  The 
use  of  the  PT  system  in  navigation  updating  is  outlined  below  where  landmark  is  used 
to  refer  to  either  th- .  target  or  offset 

(a)  The  position  to  be  updated  b  sdected  as  either  the  destination  or  present  position. 

(b)  Pave  Tack  is  made  prime. 
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(c)  The  pod  is  put  into  coarse  cue  mode  arvd  the  pod  sightline  is  coarse  aimed  at  the 
larKliTuirk. 

(d)  When  the  WSO  is  satisfied  with  the  coarse  aiming,  the  pod  is  placed  in  track  mode 
and  the  operator  then  makes  fine  adjustments  via  inner  gimbals  to  the  sightime  in 
order  to  maintain  the  PT  aosshairs  over  the  lartdmark  or  a  sjjecific  part  of  that 
landmark.  The  irmer  gimbals  of  the  optical  mirror  have  limited  travel  and  for  this 
reason  the  pod  is  continually  adjusted  in  outer  roll  aivl  pitch.  These  adjustments 
are  such  that  the  pod  constantly  attempts  to  nullify  the  inner  gimbal  angles  so  that 
the  limits  of  travel  are  not  reached. 

(e)  To  achieve  the  best  update  the  laser  is  fired  at  the  designated  aimpoint.  The 
returned  signal  of  the  laser  gives  the  range  between  the  aircraft  and  the  aimpoint. 

(f)  The  position  of  the  pod  sightline  relative  to  the  aircraft  reference  frame  and  velocity 
vector  determines  the  method  used  to  compute  conection  signals  for  navigation 
updating.  For  example,  if  the  sightliiw  is  at  too  shallow  a  depression  angle  with  the 
horizontal  inertial  plane  then  the  laser  range  is  considered  unreliable  and  correction 
signals  are  generated  by  other  means.  The  numerous  checks  that  are  carried  out  are 
described  when  discussing  the  FF15.  The  operator  must  track  the  landmark  for  a 
number  of  seconds  before  the  navigation  update  is  regarded  as  satisfactory.  The 
navigation  update  is  directed  to  the  stored  target  or  aircraft  position  as  selected  in 
step  (a)  above. 

It  is  possible  to  achieve  navigation  updates  using  the  attack  radar  as  follows: 

(i)  The  position  to  be  updated  is  selected  as  either  destination  or  present  position. 

(ii)  Radar  is  made  prirrte. 

(iii)  The  enable  switch  on  the  AIC  harnlle  is  held  at  half-action  and  the  harxlle  moved 
such  that  the  radar  cursors  are  superimposed  over  the  desired  position.  Correction 
signals  are  then  generated  based  on  dre  new  cursor  positions  which  are  used  to 
update  the  required  position  selected  in  step  (i). 

Use  of  the  Pave  Tack  system  is  considered  more  accurate  owing  to  the  availability  of  the 
laser  range  finder.  Aircraft  and  wind  velocity  updating  is  cortducted  in  a  similar  maimer 
to  that  for  position  updating.  The  airaaft  altitude  above  the  target  is  continually 
computed  in  the  NCU  diroughout  the  mission  by  using  information  hrom  the  pressure 
altimeter  which  is  calibrated  using  data  provided  by  the  Low  Altitude  Radar 
Altimeter  (LARA).  Thu  altitude  is  also  corrected  further  by  conducting  an  altitude  update 
in  an  identical  manner  to  position  updating  where  the  approach  is  then  known  as  HAT 
(Height  Above  Target)  calibration.  HAT  calibration  involves  comparing  the  altitude 
obtained  from  the  laser  range  with  that  of  the  pressure  altimeter  to  give  the  appropriate 
correction  signals  to  the  aircraft  altitude. 

4.4  Weapon  delivery 

The  NCU  can  be  set  to  one  of  three  weapon  delivery  or  bomb  modes.  These  are  referred 
to  as  the  trail,  range  and  auto  bomb  modes.  For  each  mode  the  NCU  computes  the 
weapon  release  point  for  a  ballistic  missile  based  on  navigation  information  (aircraft 
altitude,  heading  and  distance  from  target)  and  the  expected  ballistic  time  or  range  of  fall 
to  target  impact  for  the  selected  weapon  type. 
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If  trail  mode  is  selected  then  the  expected  time  of  fall  and  trail  of  the  missile  is  manually 
inserted  by  the  operator.  Similarly,  if  range  mode  is  used  then  the  operator  specifies  the 
anticipated  range  of  travel  of  the  missile  between  weapon  release  and  impact.  In  the  auto 
weapon  delivery  mode  the  ballistic  information  is  calculated  automatically  within  the 
Ballistics  Computer  Unit  (BCU). 

It  is  very  important  that  a  navigation  update  (particularly  in  aircraft  altitude)  has  been 
achieved  prior  to  weapon  delivery.  In  the  case  of  laser  guided  bombs  (LGB),  target 
designation  must  be  maintaii^  by  using  the  pod  in  track  mode  with  laser  fire. 

4.5  Damage  assessment 

The  rotational  dynamics  of  the  pod,  as  discussed  in  Section  3.2,  are  such  that  the  Weannns 
Officer  can  continue  to  view  the  mission  target  after  weapon  impact.  This  fee 
particularly  useful  for  damage  assessment  purposes  which  can  be  carried  out 
aircraft  egresses  from  the  mission  target  area. 

5  PAVE  TACK  SYSTEM  PROCESSING  AND  POSITION  UPDATING 

When  the  pod  is  in  track  mode,  operator  adjustments  are  required  to  update  the  position  of 
either  the  destination  or  the  aircraft  and  the  resultant  accuracy  of  the  update  is  therefore 
dependent  upon  the  operator's  ability  to  maintain  target  designation  during  this  mode  of 
operation.  However,  it  is  necessary  for  the  analyst  to  know  with  high  accuracy  the  actual 
positions  of  the  aircraft  and  destination  at  any  time.  The  formulae  used  in  the  calculation  of 
precise  aircraft  position  are  detailed  in  module  105  of  the  FPTS.  It  should  be  noted  that  the 
precise  quantities  can  still  be  subject  to  some  level  of  inaccuracy.  The  formulae  for  such  quantities 
utilise  inertial  velocity  components  and  pressure  altitude  rate  which  are  sampled  in  a  discrete 
fashion  arnl  therefore  typical  time-related  errors  can  result.  The  actual  position  of  the  target  is 
currently  taken  to  be  the  position  stored  at  the  outset  of  the  mission.  From  these  positions  are 
calculated  precise  inertial  range  and  range  components  between  the  aircraft  and  target.  Apart 
from  providing  an  invaluable  tool  for  assisting  program  debugging,  there  are  currently  two  uses 
for  these  parameters. 

(a)  Target  image:  the  positioning  of  the  target  image  within  the  FOV  of  the  FT  display  is  a 
fuTKtion  of  the  exact  relative  positions  of  the  aircraft  and  target  and  is  not  susceptible  to 
any  system  error.  The  precise  positions  of  the  aircraft  arxl  target  are  therefore  used  for  this 
purpose.  The  image  display  aspects  of  this  simulation  are  detailed  in  reference  36. 

(b)  Laser  range:  the  laser  is  only  fired  when  Pave  Tack  is  prime  and  the  pod  is  in  track  mode 
ie  when  the  operator  is  providing  target  designation.  In  the  case  of  a  perfect  operator,  the 
laser  range  is  the  most  accurate  value  of  aircraft-to-target  range  available.  In  this  situation 
therefore  the  range  between  the  precise  positions  of  aircraft  and  target  is  taken  as  the  laser 
range.  The  precise  value  for  aircraft  altitude  is  also  used  with  a  manual  operator  to  give 
the  range  between  the  aircraft  and  the  point  on  the  ground  designate  by  the  pod 
sightline  ie  the  laser  range  to  the  designated  aimpoint.  The  nature  of  the  terrain  at  the 
aimpoint  will  also  affect  the  returned  laser  range;  the  simulation  currently  assumes  level 
terrain  in  the  immediate  vicinity  of  the  target  or  any  offset 

It  should  be  noted  that  there  is  no  time  delay  between  laser  range  or  target  image  calculations 
and  the  application  of  these  computations.  Although  the  individual  precise  values  of  the  airaaft 
and  target  parameters  can  have  some  inaccuracy,  no  additional  time-related  errors  are 
introduced. 
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The  terms  precise  and  system  will  be  used  to  distinguish  between  the  above  mentioned 
parameters  and  the  equivalent  terms  in  ttie  actual  F-lllC  system  and  the  simulation.  For 
example,  system  range  components  will  refer  to  the  range  between  the  aircraft  and  target 
positions  as  perceived  by  the  system  ie  of  variable  accuracy.  Precise  range  components  describe 
the  distance  between  the  precise  positions  of  the  aircraft  and  target:  known  to  the  analyst  but 
not  the  system.  The  use  of  precise  quantities  will  also  greatly  assist  any  studies  of  system 
performance. 

5.1  Processing  in  cue  mode  and  position  updating  using  the  radar 

When  in  cue  mode  the  si^tline  of  the  PT  pod  is  directed  at  either  the  stored  destination 
or  one  of  the  stored  offset  aimpoints.  The  cursors  of  the  attack  radar  screen  are  also 
superimposed  over  the  same  point  unless  differential  sighting  is  selected.  The  NCU 
computes  iitformation  coiKeming  ruvigation  to  the  stored  destirution  aiKl  data  describing 
the  geometry  between  the  aircraft  arkl  the  aimpoint  (destination  or  offset)  viewed  at  any 
particular  instant.  This  information  Includes  present  position  latitude  and  longitude, 
ground  track,  ground  speed,  slant  range  to  aimpoint,  altitude  above  aimpoint,  relative 
bearing  of  aimpoint  and  time  or  range  to  weapon  release. 

To  obtain  position  updates  using  the  radar  the  operator  adjusts  the  position  of  the  radai* 
cursors  by  depressing  the  eiuble  switch  on  dte  AIC  haixUe  to  half-action  and  moving  the 
handle.  A  schematic  representation  of  the  control  mechaitism  for  this  mode  of  operation 
is  illustrated  in  Figure  4  where  the  VID  shows  the  necessary  condition  of  radar  prime. 
Operator  adjustments  are  interpreted  by  the  SDU  and  AlU  as  along  track  and  cross-track 
sigruls  whi^  are  fed  into  the  NCU.  The  NCU  uses  this  irtformation  to  compute  new 
values  of  slant  range,  relative  bearing,  altitude  etc.  whid\  relate  to  dw  new  aimpoint 
dictated  by  the  operator.  This  arulog  information  is  converted  to  digital  by  the  AIU  and, 
via  the  SDC  (for  radar)  and  SDU  (for  PT),  is  used  to  alter  the  cursor  positions  and 
alphanumeric  data  on  the  radar  and  PT  displays.  A  detailed  report  on  the  display  aspects 
of  the  FPTS  can  be  found  in  reference  36.  The  NCU  also  uses  this  information  to  u^ate 
the  position  indicated  by  the  RCP  (ie  destination  or  present  position).  The  operator  ends 
the  navigation  update  by  releasing  the  enable  switch. 

The  pod  is  put  in  coarse  cue  mode  if  PT  is  prime  atKl  the  enable  switch  held  at  half 
action.  Movement  of  the  AIC  hatKlle  in  this  mode  adjusts  the  position  of  the  pod  sightline 
and  the  display  features  are  modified  in  a  similar  manner  to  that  in  the  radar  procedure 
above.  It  is  important  to  note  that  no  navigation  updates  are  carried  out  in  the  coarse  cue 
mode.  However,  range  trims  are  calculated  arKl  these  and  the  corresponding  ranges  to  the 
aimpoint  are  used  as  iititial  values  in  tfie  navigation  update  procedures  if  track  mode  is 
selected  immediately  after  coarse  cue.  Also  sighdine  slewing  signals  from  the  AIC  handle 
are  processed  immediately  after  entering  coarse  cue  mode;  there  are  no  time  delays 
iidioent  in  the  control  medianism  for  diis  mode  of  operation. 

The  operator  may  revert  back  to  cue  mode  from  coarse  cue  by  releasing  the  eruble  switch 
on  the  AIC  handle.  However,  the  PT  pod  and  radar  are  still  direct^  at  die  aimpoint 
designated  prior  to  leaving  coarse  cue  nwde.  The  system  attempts  to  maintain  fois 
designation  by  applying  rale  signals  to  the  pod  sightline  in  a  similar  maimer  to  that  used 
in  MPT  mode.  Coarse  cue  can  be  re-select^  by  the  usual  procedure.  Pressing  the  CUE 
button  on  the  PTCP  redirects  the  PT  pxxl  aiixl  radar  to  the  stored  position  of  the 
destination  or  offset  originally  viewed. 

5.2  Processing  in  tnck  mode  and  position  updating  using  the  pod 
Navigation  updates  are  achieved  by  first  depressing  the  AIC  enable  switch  to  full  action 
and  then  releasing  it,  placing  the  pod  in  track  mo^.  When  in  this  mode,  the  operator 
adjusts  the  position  of  the  pod  sightline  by  movement  of  the  thumb  tracker  or  thumb 
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joystick  on  the  AIC.  The  control  mechanism  for  this  mode  of  operation  is  shown 
schematically  in  Figure  5.  FT  must  be  prime  in  order  to  select  track  mode  and  this  is 
illustrated  by  the  FT  pod  display  being  the  primary  VID  screen  in  this  figure. 

The  pod  sightline  is  adjusted  by  velocity  trims  computed  by  the  OFF  in  the  pod.  These 
trims  are  calculated  using  airaaft  velocity  and  altitude,  slant  range,  pod  sightline 
directional  cosines  and  the  manual  inputs  from  the  thumb  tracker.  Within  these  trims  are 
also  incorporated  rateaiding  components  which  assist  the  operator  in  target  designation 
by  automatically  compensating  for  aircraft  motion. 

The  pod  also  translates  the  sightline  repositioning  signals  into  range  trims  for  use  in 
navigation  updating.  These  range  trims  are  converted  to  along  track  and  cross  track 
correction  signals  which  are  referred  to  as  pseudo  cursor  commands.  These  correction 
signals  are  then  used  by  the  NCU  to  compute  slant  range,  relative  bearing,  altitude  etc. 
to  the  aimpoint  in  an  identical  maruter  to  that  used  in  position  updating  with  the  radar 
and  coarse  cue  nude.  Similarly  this  data  is  used  to  m^ify  the  features  of  the  FT  and 
radar  displays  on  the  VID.  The  NCU  also  uses  this  information  to  update  the  present 
position  of  the  aircraft  or  the  stored  destination.  The  position  to  be  updated  is  determined 
by  settings  on  the  RCF. 

If  conditioru  permit,  the  laser  can  be  Bred  when  in  track  mode.  The  returned  laser  range 
to  the  aimpoint  is  used  in  calculations  of  sightliiw  velocity  signals  and  the  pod  range 
trims.  Operator  adjustments  are  filtered  in  the  OFF  and  hence  there  ate  subsequent  time 
deia3rs  between  manual  movements  of  the  thumb  tracker  and  the  acceptance  and  use  of 
these  signals  for  navigation  updating.  The  operator  has  to  therefore  track  for  some  time 
(nominally  16  $)  in  order  to  achieve  a  satisfactory  update.  The  inherent  time  delays  and 
different  forms  of  position  updating  ate  shown  in  Figure  6  and  discussed  below.  Details 
of  the  filters  used  in  the  processing  of  operator  correction  signals  can  be  found  in  the 
relevant  modules  of  Appellees  II  through  to  Xn. 

The  following  mefoods  of  navigation  updating  are  listed  in  order  of  increasing  priority. 

(a)  Azimuth  only  updating 

Range  trims  are  considered  to  be  not  available  if  the  pod  sighdine  is  within  a  cone 
of  15°  half-angle  about  the  aircraft's  velocity  vector.  If  this  case  arises  then 
navigation  updating  is  achieved  in  azimudt  only.  Fod  range  trims  are  calculated  by 
coruidering  the  azimuth  component  of  adjustments  to  toe  sightline  such  that  the 
pod  slant  range  is  maintained  at  a  constant  value.  These  range  trims  are  then  fed 
to  the  NCU  to  achieve  the  correspoitding  position  update.  This  method  of  updating 
is  also  used  when  range  trims  are  available  but  toe  sightline  is  at  a  depressitm  angle 
of  less  than  15”  with  the  horizontal  inertial  plane.  There  is  approximately  a  1.5  s 
delay  between  entering  track  mode  and  dte  initiation  of  azimuth  only  updating. 

(b)  Updating  using  geometric  and  kinematic  ranges 

If  range  trims  are  available  but  toe  laser  range  is  not  and  the  depression  angle  of 
the  pod  sightline  is  greater  than  15°  then  updating  is  achieved  by  using  geometric 
atKl  kinennatic  rartge  components  to  the  aimpoint  Geometric  raitge  comportents  are 
irutialised  to  those  calculated  in  cue  or  coarse  cue  modes.  Kinematic  ranges  are 
derived  from  toe  slewing  rates  of  the  pod  sightline.  Both  geometric  aiKl  kinematic 
ranges  are  used  to  generate  the  range  trims  for  navigation  updating.  As  the  target 
or  o^et  is  tracked,  toe  geometric  raitges  are  weighted  less  arid  the  kinematic  range 
components  are  given  more  loadtog.  If  track  mode  is  entered  after  coarse  cue  then 


UNCLASSVIED 


9 


ERL-OUC-RK 


UNCLASSmED 


the  range  trim  computations  are  initialised  using  those  trims  computed  in  coarse 
cue  mode.  Pod  range  trims  are  available  for  position  updating  approximately  125  s 
after  entry  into  track  mode  with  an  additional  delay  of  about  1  s  within  tfw  AIU. 

(c)  Updating  using  the  laser  range 

If  both  range  trims  and  laser  range  ate  available  then  navigation  updating  is 
achieved  by  using  the  pointing  angles  of  the  pod  sightline  and  the  laser  range  to 
the  aimpoint.  X,  Y  and  Z  range  trims  are  computed  by  the  pod  aiKl  are  available 
for  position  updating  about  1.3  s  after  entering  track  mode  and  after  the  laser  range 
is  (^med  reascmable.  This  method  of  updating  is  given  the  highest  status. 

The  operator  can  exit  track  mode  by  momentarily  depressing  to  full  action  and  then 
releasing  the  enable  switch  or  by  selecting  a  different  search  mode  on  the  PTCP.  If 
the  former  is  used  then  the  system  tvill  revert  back  to  the  search  mode  (ie  cue  mode 
in  the  case  of  the  FFT5)  that  was  previously  active. 


6  THE  ANALOGUE  INTERFACE  UNIT 

The  Analog  Interfoce  Set  (AIS)  on  the  F-lllC  was  developed  by  General  Dynamics  and  consists 
of  two  Line  Replaceable  Units  (LRU)  namely  the  Pave  Tack  Auxiliary  Panel  (PTAP)  and  the 
Analog  Interface  Unit  (AIU).  The  PTAP  provides  controls  which  enable  the  operator  to  select  a 
number  of  hmctions  in  the  AIU.  The  AIU  provides  the  data  conversion,  processing  and 
retransmission  necessary  to  facilitate  coherent  information  transfer  between  the  F-111  analog 
avionics  and  the  digital  Pave  Tack  and  Harpoon  weapon  systems.  The  AIU  processes  aiwl  directs 
the  signab  between  the  numerous  uitib  as  illustrated  in  Figure  7  aitd  maintaiits  the  correct 
system  resporue  between  the  aitalog  avionics  and  the  FT  aitd  Harpoon  systems[2]. 


7  AVIONICS  SYSTEMS 

To  understand  the  F-lllC  Pave  Tack  system  it  b  necessary  to  have  knowledge  of  the  numerous 
analog  and  digital  uiuts  that  were  included  as  part  of  the  Pave  Tack  fit  or  that  already  existed 
in  the  F-lllC  aircraft  arxl  are  used  by  the  Pave  Tack  system.  The  timeliness  and  accuracy  of  the 
transferral  of  information  between  these  unib  must  also  be  considered. 

7.1  The  Central  Air  Data  Computer 

The  Central  Air  Data  Computer  is  not  modelled  explicitly  but  ib  furKtions  are  implicit 
in  numerous  cakulatkMb  and  operatiotb  throughout  the  FPTS. 

7.2  The  Inertial  Bomb  Navigation  System 

The  F-111  b  fitted  with  the  AN/AJQ-20A  Inertial  Bomb  Navigation  Set  (IBNS),  reference 
11,  which  b  a  dead  reckoning  analogue  inertial  system  in  wl^  the  st^ilised  platform, 
ruvigation  computer  and  automatic  ballbtics  computer  are  relevant  to  this  simubtion.  The 
stabilised  pbtform  b  a  four-gimbal,  all  attitude  inertiaily  stabilised  system  supplying 
pitch,  roil,  true  heading,  vertical  acceieratian,  and  nc^  and  east  componenb  of 
groundspeed.  It  also  indicates  relbbility  of  ib  output  data. 

The  IBNS  has  the  following  Line  Replaceable  Unib  (LRU): 

SPU  -  Sbbilbed  Pbtform  Unit 
NCU  Navigation  Computer  Unit 
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BCU  -  Ballistics  Computer  Unit 

MOAP  -  Multiple  Offset  Aimpoint  Panel 

Prior  to  flight  the  system  can  be  aligrted  using  a  number  of  methods,  the  most  common 
of  which  is  gyrocompass  aligtunent.  The  navigation  computer  is  a  self  contained 
navigation  steering,  radar  sighting  aiKl  bombing  computer,  utilising  inputs  from  the 
stabilised  platform  and  true  airspeed  and  pressure  altitude  from  the  CAJXi. 

The  F-lllC  Pave  Tack/Guided  Weapons  (PT/GW)  system  provides  improved  navigation 
and  weapon  delivery  capabilities  by  using  the  existing  IBNS.  It  was  necessary  to  decide 
how  this  S3rstem  should  be  incorporated  into  the  overall  model.  After  an  examination  of 
information  on  the  IBNS  system  it  was  concluded  that  a  detailed  model  of  it  was  beyond 
the  scope  of  the  task.  The  problem  was  dealt  with  by  splitting  the  IBNS  into  an  iiwrtial 
system,  which  was  modelled  generically,  and  aspects  ^  the  bombing  computer  which 
were  incorporated  more  specifically. 

7.2.1  The  Inertial  Navigation  System 

There  was  a  considerable  amount  of  manufacturer  and  acceptance  trials  data  (see 
referetKe  13,  for  instance)  available  about  INS  uruler  auise  conditioru  buf  almost 
none  on  what  happened  to  INS  errors  when  the  aircraft  was  accelerating.  A 
studyflO]  was  carri^  out  to  detomine  a  suitable  generic  model  to  represent  foe 
stabilised  platform  and  tuvigadan  computer  with  a  fidelity  commensurate  with  the 
requirements  of  fois  study. 

Three  generic  rmdels,  ranging  from  a  simple  forced  harmonic  oscillator  model  to 
a  3-gyro,  3-accelerometer  mode),  were  compared.  Programnrtes  were  developed  for 
the  two  simpler  models  aivl  the  output  from  these  was  compared  to  results 
published  for  the  more  complex  model.  Both  position  aiKl  platform  (atdtude)  errors 
were  coiuidered  under  cruise  aitd  accelerated  condidons  aixi  considered  the  trade¬ 
off  between  detail  of  representadon  (accuracy)  on  one  hand  and  development  effort 
and  run  time  of  foe  computer  models  on  the  other. 

The  intermediate  model  was  found  to  give  suitably  reliable  predicdons  of  INS 
position  and  orientation  errors  for  up  to  2  hours  flight  time  under  cruise  conditions, 
while  satisfying  time  and  complexity  restrictions  imposed  by  its  intended  role  in 
the  overall  Pave  Tack  eff^veness  inodel.  In  addition  the  model  was  able  to  predict 
l.Se  effect  of  linear  and  centripetal  accelerations  on  these  errors.  The  latter  have  not 
been  verified  because  of  the  lack  of  available  triab  data. 

7.3  The  Terrain  Following  Radar  computer 

The  missions  with  which  we  were  concerned  included  low  levd  segments  utilising  Terrain 
Following  RadatfTFR),  particularly  in  foe  vicinity  of  the  weapon  release  area.  This  nwdel 
b  based  on  foe  AN/APQ-110  TITl  set  in  foe  F-lllC  aircraft.  The  TFR  computer  b  an 
analogue  control  system.  Its  objective  is  to  generate  commands  to  the  aircraft  autopilot 
which  ensure  that  foe  aircraft  flies  at  a  sdccted  altitude  ho  above  the  terrain,  subjed  to 
specified  smoothing  or  "ride  hardness"  constrainb.  The  data  used  for  tire  command 
cakubtion  consist  mainly  of  the  angubr  position  of  the  terrain  referred  to  the  aircraft 
longitudinal  (roll)  axb,  and  the  associated  range  supplied  by  the  TFR.  ffowever,  when  the 
terrain  is  rebtively  flat,  information  fiom  the  altimeter,  b  the  AN/APQ-lti?  Low  Altitude 
Radar  Altimeter  (LARA),  b  used,  see  Section  92. 

The  TFR  command  compubtion  uses  only  the  pitdr  plane,  (see  reference  21  for  debib) 
The  algorithm  by  itself  effdiively  commands  tte  aircraft  to  fly  directly  at  a  point  which 
b  a  height  ho  above  the  highest  terrain  in  the  radar  field  of  view.  It  does  not  produce  a 
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path  which  follows  the  terrain  at  a  height  ho  above  it.  In  the  AN/ APQ'128  computer,  the 
procedure  is  modified  and  has  a  range  dependent  function  which  also  iiKorporates  a  "ride 
harditess"  coefficient. 


The  attack  radar  is  used  as  the  TFR  sensor  and  its  antenna  scans  up  and  down  through 
the  range  (-32**,  8°)  relative  to  the  aircraft  lon^tudinal  axis.  The  antenna  scan  cycle  time 
is  133  secotvls.  The  command  computations  are  performed  on  each  transmitt^  return 
(ie  for  each  range  and  elevation  scan  angle.)  If  the  TFR  does  not  receive  range 
information  in  the  interval  (35(X),45(X))  ft,  which  could  occur  in  terrain  with  poor  radar 
reflectivity  or  inappropriate  geometry,  then  a  quantity  referred  to  as  the  "altimeter 
override  command"  based  on  information  from  the  altimeter  is  calculated. 


If  the  radar  altitude  drops  below  68%  of  the  set  terrain  clearaiKe  height,  information  is 
passed  to  the  autopilot  to  indicate  a  maximum  (2g)  pull  up.  This  situation  should  never 
occur  with  the  model  but  a  check  is  made  and  an  error  would  be  flawed  for  this  case. 


The  Harpoon  Weapon  System  was  not  spedfkally  implemented,  but  could  be 
incorporated  without  extensive  remodelling  and  involves  the  following  LRUs: 


HIU  -  Harpoon  Interface  Unit, 

DPC  -  Data  Processor  Computer, 

HCP  -  Harpoon  Control  Panel, 

HM  -  Harpoon  Missile. 


8  AIRCRAFT  FLIGHT  SIMULATION 


The  flight  of  an  aircraft  can  be  quantified  by  specifying  the  values  of  a  selected  set  of  parameters 
describing  the  state  of  the  airaaft  at  discrete  intervab  of  time.  The  set  of  parameters  chosen  can 
be  ordered  to  form  the  elements  of  a  vector  x  knoivn  as  the  state  vector.  The  desired  accuracy 
of  representation  determirtes  how  many,  and  which  parameters  are  used  and  the  observation 
interval.  The  models  selected  for  generating  flight  path  data  were  requited  to  be  suitably 
accurate  while  fast  enough  to  be  used  as  part  of  the  overall  Pave  Tack  p^ormance  model. 

8.1  Point  mass  models 

If  foe  mass  of  the  aircraft  is  considered  to  be  concentrated  at  its  centre  of  gravity,  its  state 
vector  can  be  completely  specified  by  its  position  velocity  and 

acceleration  kno^  as  a  three  degrees  of  freedom  or  point-mass  model  described 

by  a  nine-element  state  vector. 

Essentially  foe  airaaft,  with  its  mass  considered  to  act  at  its  c  of  g,  is  assumed  to  follow 
the  applicable  laws  of  motion  and  in  addition  is  considered  to  be  subjected  to  an 
aerodynamic  drag  force  which  is  dependent  on  speed,  and  of  a  magnitude  appropriate 
to  the  aircraft  uitder  oortsideration.  The  forces  acting  on  this  point  are  therefore  gravity, 
aerodynamic  forces  and  the  thrust  exerted  by  foe  aircraft's  engine. 

A  study  of  point-mass  modds  was  needed  to  establish  their  accuracy,  in  particular  for 
representing  foe  F-lllC  aircraft  Detailed  empirical  aircraft  flight  parameter  data  against 
which  such  models  could  be  tested  were  not  available.  A  six  degrees  of  freedom  (6DF) 
model  of  the  F-lllC  was  available  at  the  Aeronautical  Research  Laboratory  (ARL)  but  it 
is  necessary  to  specify  commands  whidt  eiiuilate  a  pilot's  manipulation  of  the  aircraft 
controls  in  order  to  "fly”  the  airaaft  model.  Ihe  manoeuvre  controller  nnodel  required  to 
do  this  was  not  available  in  the  case  of  the  F-lllC.  However,  an  ARL  6DF  Mirage  m 
model  and  a  manoeuvre  controller,  produced  by  foe  Department  of  Electrical  arvl 
Computer  Erigineering  at  foe  University  of  Newcastle  for  the  Aerortautkal  Engineering 
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Laboratory,  was  available  and  was  considefed  to  be  suitable  for  determining  the  feasibility 
of  using  point-mass  models  in  the  Pave  Tack  performance  study.  The  Mirage  manoeuvre 
controller  was  capable  of  simulating  a  number  of  standard  manoeuvres,  including:  step 
change  in  thrust,  altitude  change,  pushover,  pull  up,  and  turn  at  constant  speed  and 
altitude.  It  was  decided  to  use  altitude  change  as  the  initial  basis  for  comparison  of  the 
predictions  of  the  point-mass  models  and  the  Mirage  ID  6DF  model. 

Of  the  various  propositions  for  models,  the  most  promising  were  the  "constant  nett  thrust" 
type,  in  which  it  is  assumed  that  the  nett  effect  of  the  thrust  minus  the  drag  is  constant, 
and  "baiarKed  power"  category  in  which  the  engine  is  assumed  to  maintain  a  constant 
power  output,  and  that  ertergy  losses  are  due  to  overcoming  the  aerodynamic  drag  and 
gravity.  These  types  of  model  are  discussed  in  reference  14. 

The  conclusions  from  the  point  mass  study  were  that  at  least  one  parameter  can  be 
matched  to  any  desired  accuracy,  but  tfiis  may  involve  a  long  and  intricate  sequence  of 
control  selections,  which  can  only  be  determiiwd  empirically,  ie  by  comparison  with  a 
model  such  as  the  Mirage  III  6DF  model  and  that  no  simple  rules  could  be  determined 
for  predicting  the  control  sequerKe  of  values.  Furthermore  while  optimising  orw  such 
parameter  to  obtain  a  good  match  some  or  all  of  the  other  relevant  parameters  were 
invariably  grossly  inaccurate.  It  was  therefore  necessary  to  reject  point-mass  models  as  a 
means  for  deriving  flight  path  data  in  combat  systems  performance  models  for  the 
Mirage  III,  and  by  implication  for  the  F-lllC,  in  all  but  the  most  elementary  applications. 


8.2  Six  degrees  of  freedom  models 

Considering  the  aircraft  to  be  an  extended  object  we  can  incorporate  three  new  degrees 
of  freedom,  yaw,  pitch  and  roll  (^,6,#),  and  the  related  airaaft  angular  velocities  (p,q,r) 
and  airaaft  angular  accelerations  (p,4,r),  see  reference  19.  This  is  known  as  a  six  degrees 
of  freedom  model.  Sonte,  or  all,  of  these  eighteen  quantities  are  used  to  specify  aircraft 
flight  path  in  combat  systems  performaiKe  models. 

SiiKe  the  study  in  refereiKe  14  had  indicated  that  p<wt  mass  models  were  rwt  adequate, 
a  contract  was  let  to  the  Urtiverstty  of  Newcastle's  Department  of  Electrical  Engineering 
and  Computing  Science,  to  produce  a  manoeuvre  controller  for  the  ARL  6DF  F-lllC 
airaaft  model.  The  resulting  combination  b  a  full  luxtlinear  six  degrees  of  freedom 
airaaft  model,  which  iiKludes  the  full  fli^t  control  system,  and  allows  the  following  ten 
maiweuvres: 

(i)  Step  diange  in  thrust, 

(ii)  Level  flight  acceleration  /  deceleration, 

(iii)  Push-over,  puU-up, 

(iv)  Pull-up, 

(v)  Turn  at  constant  velocity  and  altitude:  bank  angle  or  acceleration  specified  (the 
latter  as  a  constant  times  g), 

(vi)  Turn  at  constant  speed  and  altitude;  angle  of  attack  specified, 

(vii)  Altitude  chartge, 

(viii)  Dive  aitd  climb, 

(ix)  Altitude  change  attd  turn, 

(x)  Full  turn. 

Manoeuvres  (iii),  (iv)  artd  (vii)  can  be  performed  at  either  constant  speed  or  constant 
thrust  settings. 
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Simulated  flight  is  determined  by  selecting  the  setting  and  duration  of  the  following 
controb;  thrust-lever,  longitudinal  and  lateral  stick,  and  rudder  pedal  position  (defined 
as  fractions  of  full  travel).  The  user  selects  a  manoeuvre  and  nominates  values  for  the 
appropriate  options.  The  software  computes  a  sequence  of  controls  which  will  produce 
the  desired  manoeuvre,  and  then  implements  these  controls,  recording  the  position, 
orientation  and  the  values  of  a  number  of  aircraft  parameters  at  specified  intervals  of  time. 
This  information  can  be  recorded  for  use  in  a  Pave  Tack  simulation  or  displayed  in 
numerical  or  graphical  form. 

The  aircraft  model  can  be  flown  with  a  wingsweep  of  16^26^35°  or  45°.  Because  of  the 
high  speed  dynamics  inherent  in  the  flight  control  system,  the  simulation  time  step  can 
be  varied  and  is  currendy  given  by  a  cycle  time  of  160  Hz.  A  database  of  aerodynamic 
derivatives  specified  as  functions  of  Mach  numb»,  altitude  and  aircraft  angle  of  attack  is 
sampled  at  03  s  intervals,  with  interpolation  and  flllering  as  appropriate.  Atmospheric 
conditions  are  updated  at  every  time  interval  and  are  based  on  the  International  StatKlard 
Atmosphere. 

A  desired  flight  plan  can  be  split  into  a  sequence  of  staiKlard  marvieuvres.  The  path  data 
generated  by  the  model  for  each  manoeuvre  can  be  used  to  determine  ti\e  initial 
conditions  for  the  next  one  and  the  resultmg  output  files  combined  to  form  a  continuous 
record  of  relevant  data  for  the  complete  fU^t  path.  Manoeuvres  are  currently  limited  to 
320  s.  but  this  value  can  be  extended  if  necessary.  A  further  constraint  is  the  need  to 
separately  maintain  a  record  of  the  estimated  fuel  usage  as  this  affects  the  aircraft  weight 
arid  therefore  has  a  significant  effect  on  the  computed  path  and  aerodynamic  data.  Tables 
of  fuel  usage  rates  have  been  supplied  by  ARDLT.  A  number  of  typical  flight  paths  have 
been  processed,  irKluding  some  used  in  references  7  and  18  to  enable  comparison  with 
navigation  and  weapon  delivery  results  published  in  those  references. 

8.3  Aircraft  model  for  use  in  the  terrain  following  mode 

Since  tile  F-lllCs  terrain  following  mode  is  an  option  which  must  be  considered,  and  the 
model  described  above  could  not  be  used  for  tto  purpose,  it  was  necessary  to  develop 
a  specific  flight  model  for  use  in  the  terrain  following  radar  nKxle.  A  lateral/longitudinal 
decoupled,  generic  flight  model  operating  only  in  the  longitudinal  plane,  and  made 
specific  to  the  F-lllC  by  adjusting  its  parameters  to  match  the  output  from  an  F-lllC 
aerodyrtamic  model  at  Aeronautical  Remrdi  Laboratory,  was  developed. 

The  aerodynamic  equations  are  readily  integrated  numerically,  and  this  was  done  iiutially, 
using  the  non-proc^ural  system  simulation  language  SYSL[27,29].  The  trade-off  between 
accuracy  and  computing  time,  bearing  in  mind  the  intended  use  of  the  TFR  model,  can 
readily  be  established.  Although  direct  integration  is  reasonable  for  studying  the  problem, 
when  incorporating  this  F-lllC  TFR  model  into  tite  Pave  Tack  system  performance  model, 
solution  sp^  was  improved  by  first  integrating  the  equations  analytiaUy,  reducing  them 
to  a  set  of  discrete  convolution  equatkxts,  for  which  a  solution  in  the  form  of  a  set  of 
recursive  relations  exist  A  description  of  the  analysis  can  be  found  in  reference  14. 
Dynamical  systems  described  by  state  models  c«t  be  assessed,  by  determining  a  number 
of  system  properties  including  its  reachability,  controllability,  stability  and 
reconstructabUity.  Brief  descriptions  are  given  in  reference  14  aixi  were  used  to  eruure  the 
appropriateness  of  the  solutions  proposed  in  this  section. 

The  overall  TFR  model  consisted  of  the  combination  of  elements  described  in  Sections  73 
and  10.  At  each  cycle  of  the  TFR  model  the  demanded  elevator  deflection  was  calculated 
and  used  in  the  airaaft  aerodynamics  equations.  The  aircraft  position  was  then  computed, 
allowing  a  further  calculation  of  dematCded  elevator  deflection.  Examples  demonstrating 
the  performance  of  the  TFR  model  can  be  found  in  references  14  and  27. 


UNCLASSfflED 


14 


UNCLASSnED 


ERL-0M4-RJI 


9  AIRCRAFT  SENSORS 

9.1  Attack  Radar 

The  Flll-C  aircraft's  Attack  Radar  Set  (ARS)  is  used  for  navigation  and  fixtaking.  It 
consists  of  the  following  LRUs: 


VID  - 

Virtual  Image  Di^lay 

SDC  - 

Signal  Data  Converter 

- 

Radar  Synchroniser 

RCP  - 

Radar  Gmttol  Panel 

AIC  - 

Anterma  Iivlicator  Control 

ACU  - 

Antenna  Control  Unit 

The  radar  antenrus  scans  in  azimuth,  either  ±45*  about  the  kMigitudinal  axis  of  the 
aircraft,  or  ±10*  about  the  azimuth  cursor  and  is  stabilised  in  pitch  and  roll.  The  VID 
presentation  is  stabilised  with  drift  angle  from  the  NCU.  so  the  direction  of  ground-track 
is  displayed  vertically  in  the  centre  of  foe  display.  The  VID  and  AlC  are  represwted  in 
the  interactive  model  [36]. 

9.2  Altimeters 

The  aircraft  obtains  height  information  from  the  AN/  APQ  167  Low  Altitude  Radar 
Altimeter  (LARA)  artd  a  pressure  altimeter.  The  former  is  taken  into  account  in  the  TFR 
mode  [14].  see  Section  73.  It  was  intended  that  a  model  of  the  pressure  altimeter  be 
developed  aivi  incorporated  into  FPTS.  However  a  deterministic  model  was  seen  to  be 
inappropriate,  even  if  the  information  to  produce  one  had  been  available,  and  the 
available  triab  data  was  insufficient  to  produce  a  viable  stochastic  model. 

10  TERRAIN  TOPOGRAPHIC  MODEL  AND  MOTION  SIMULATOR 

To  fill  a  requirement  for  a  PC-based  terrain  topography  nvxlel  capable  of  hig)i  resolution 
display,  a  software  package  produciitg  multkolouied  displays  of  digital  elevation  data  was 
developed  under  contract{4]  to  run  on  an  IBM  PC/AT  %vifo  a  floating  point  co-processor  arvi 
an  n/rc  colour  graphics  (flsplay  processor  by  Mefoeus.  The  latter  has  a  1024  X  1024  pixel  screen 
memory  of  whi^  1024  X  pixels  can  be  displayed  to  provide  isotropic  screen  scaling.  The 
screen  RAM  is  four  "layers”  de^,  having  four  irit  planes  in  which  a  pixel  is  represented  by  one 
bit.  The  bit  planes  can  be  enabled  or  disabled  blowing  rapid  screen  swapping  under  host 
control.  The  planes  can  be  shown  separately  as  monochrome  images  or  group^  to  give  4. 8  or 
16  values  us^  for  colour  representation.  The  Q/PC  has  a  256  byte  memory-mapped  ring  buffer 
(circular  queue)  which  stores  display  instructions  from  the  host.  These  instructions  are 
automatically  implemented  by  the  display  processor  when  foe  buffer  is  full  or  by  host  command. 
A  'C  language  utility  Ubrary  provida  foe  software  interfr^e  to  the  display  processor. 

The  topography  model  evolved  from  a  previous  DST06  terrain  display  processor  designed  on 
a  PDF  11/34  computer  using  a  Vectorix  dbplay  system.  The  algorithrro  used  are  of  DSTOs 
origin  with  the  exception  of  the  masked  plot  (hidden  litte)  algorithm  which  is  the  Association 
for  Computing  Madiirtery  "Algorithm  483”I3]. 

10.1  Terrain  display  options 

The  software  package  allows  the  following  displays: 

(i)  Height  contours  (tvith  or  without  coordinate  grid  Ifries). 

(ii)  Line  of  sight  visibility  "fan”. 
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(iii)  Oblique  view, 

(iv)  Perspective  view,  and 

(v)  Point-to-point  terrain  height  profile. 

These  displays  are  selected  through  a  series  oi  menus  and  can  be  saved  in  either  pixel  or 
plot  conunand  form  for  future  retrieval  and  display.  The  oblique  and  perspective  views 
consist  of  lateral  cross  sections  taken  at  regular  intervals  to  the  chosen  viewing  direction 
(see  Figure  8).  This  is  unusual;  most  "line”  terrain  height  displays  utilise  cross  sections  in 
two  orthogonal  directions.  The  form  of  the  display  chosen  is  implemented  much  faster. 

10.2  Airborne  surrogate  travel  visualisation 

The  lateral  cross  section  representation  was  of  particular  inqx>rtance  in  producing  the  next 
phase  of  the  w^  '  in  which  the  appeararKe  of  ntotion  over  the  terrain  as  seen  from  the 
cockpit  was  simulated  by  retrieving  attd  displaying  a  sequetKe  of  previously  computed 
full  frames  in  rapid  succession,  each  otte  gerterated  from  a  position  slightly  in  front  of  the 
previous  one.  Ihe  frame  rate  had  to  be  sufficiently  fast  to  allow  small  increments  in 
viewing  position,  for  smoothness  while  nnaintammg  the  correct  speed  of  apparent  forward 
motion.  Two  options  for  generating  each  frame  were  available.  First,  storing  each  pixel 
(approx  million)  in  a  frame  arsd  simply  reading  and  displaying  them,  and  secondly 
storing  the  plot  commartds  and  redrawing  each  frame  as  required.  The  latter  was  found 
to  be  sigruficantly  faster  and  required  less  data  storage. 

In  order  to  achieve  the  type  of  rapid  screen  swapping  necessary  to  avoid  a  ragged 
transition  from  one  frame  to  another,  screen  double^uffering  can  be  simulated  on  the 
fl/PC  by  representing  two  identical  sets  of  colours  on  the  two  most  sigiuficant  and  two 
least  sigfuficant  bits  respectively  of  the  4  bit  pluses.  Disabling  the  current  set  and  enabling 
the  other  produces  a  frame  rate  of  2/s,  which  was  not  adequate  because  the  draw 
commands  produced  line  segments  which  were  all  5  pixeb  long,  chosen  to  optimise  curve 
smoothness.  A  post  processing  procedure  was  incorporated  to  modify  the  command  data 
file  to  remove  superfluous  plot  comnnands,  ie  representing  straight  liites  longer  than  5 
pixels  by  one  command  iitstead  of  several.  This  resulted  in  compression  of  the  command 
data  file  by  at  least  a  factor  of  two  and  up  to  a  factor  of  12,  thaeby  improving  retrieval 
time.  The  display  fr?.me  rate  time  was  improved  to  approximately  6/s. 


11  THE  HUMAN  OPERATOR 

Despite  the  high  degree  of  sophistication  of  the  Pave  Tack  system,  it  is  evident  that  the  full 
capabilities  of  the  system  ate  very  much  reliant  on  ttte  WSCXs  ability  to  carry  out  a  number  of 
duties.  Modelling  ^  human  operator  was  therefrxe  maiKlatory.  This  work  covered  the  major 
recent  thrust  called  for  by  the  Sponsor.  It  involved  the  addition  of  a  microprocessor  to  the 
standard  486  PC  to  ettable  rapid  handling  of  the  graphics  tasks  associated  with  the  real  time 
interactive  display  of  the  FT  VID  data  and  simu^t^  scerses.  This  topic  is  too  large  to  be 
included  as  an  appendix  in  this  report  The  reader  is  referred  to  refererKe  36,  although  sotr>e  of 
the  functions  of  the  human  operator  can  be  clearly  seen  from  the  modes  of  operation  and 
navigation  updating  procedures  discussed  in  Sectioits  4  attd  5. 


12  DESCRIPTION  OF  THE  BASE  MODEL 

This  model  differs  from  error  propagation  modeb  sudt  as  die  one  described  in  reference  18,  in 
that  it  is  a  deterministic,  time  sequeiKed  model  which  attempts  to  simulate  specific  flights.  This 
type  of  model  can  be  implemented  by  adopting  a  standard  small  time  increment  and 
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interrogating  and  advancing  all  time  dependent  functions  at  each  incremoit,  which  gives  rise 
to  problems  when  the  order  of  events  is  important  and  they  car.  be  separated  in  time  by 
amounts  less  than  the  standard  time  inaement.  It  can  also  be  very  inefficient  when  many  of  the 
time  dependent  processes  vary  only  slowly  in  time.  The  alternative  is  to  compute  eva\t  times 
in  advance,  arrange  them  in  a  time  sequence  (calendar)  and  allow  time  to  progress  irregularly 
from  one  event  time  to  the  next  This  is  referred  to  as  event  stepping  and  also  has  its  problems, 
namely  overheads  in  computing  aixl  maintaining  the  calendar,  aitd  sometimes,  difficulties  in 
predicting  the  time  of  occurrence  of  an  event.  Having  examined  the  trade-offs  it  was  decided 
to  make  FPTS  an  event-stepped  model.  External  stimulation  comes  from  the  input  of  aircraft 
flight  path  data,  previously  computed  off-line,  and  a  Pave  Tack  mode  selection  sequence.  Sensor 
information  is  generated  from  a  krwwledge  of  true  aircraft  position  and  is  input  to  the  sensor 
modules  as  required.  At  this  stage  in  the  model  development  the  human  operator  interface  was 
not  iiKluded. 

Iitibrmation  on  Pave  Tack  procedures,  aivl  details  of  the  interchange  of  data  with  other  avionics 
systems  via  the  AIU  was  provided  by  BAe  Aust.(5,6].  The  FPTS  consists  of  models  of  the  Pave 
Tack  system,  aspects  of  the  OFP,  the  AIU,  relevant  sensors  and  aviordcs  systems  on  which  the 
operation  of  the  Pave  Tack  system  depends.  The  following  sections  provide  an  overview  of  basic 
information,  modes  of  operation,  and  constraints  considered  in,  or  pertinent  to,  the  FPTS. 
Detailed  discussioits  can  be  foimd  in  Appendices  1  through  to  Xm. 

12.1  Coordinate  systems 

A  number  of  right-handed  Cartesian  coordinate  systems  are  used  in  the  aircraft.  They 
have  different  origins  and  orientations.  These  conventiorts  were  also  adopted  for  use  in 
the  FPTS  ai\d  are  detailed  in  Appendix  I  including  the  relatioitship  between  each  system 
and  how  such  transformations  are  used  in  the  numerous  modes  of  operation  of  the 
simulated  Pave  Tack  system.  For  rotations  from  one  frame  of  refererKe  to  artother,  the 
Eulerian  angles,  direction  cosines  and  angular  transformation  matrices  are  as  defined  in 
refereiKe  19. 

12.2  Program  language  and  structure 

The  model  was  initially  coded  in  SIMSCRIFT  because  of  its  many  built-in  simulation 
features,  irKluding  a  getteral  purpose  event  scheduler  for  implementing  the  event  stepped 
type  of  simulation.  It  was  found  however  that  the  graphics  capabilities  of  SIMSCRIFT  fell 
short  of  the  requirement.  It  was  a  relatively  strai^t  forward  task  to  devise  a  simple  event 
scheduler  in  Turbo  Pascal  and  rewrite  the  model  in  that  language,  giving  access  to  a 
number  of  recently  developed  graphics  packages. 

SiiKe  the  model  is  based  on  the  event  stepping  concept,  simulation  time  progresses  in 
discrete,  variable  length  steps  from  tite  time  of  execution  of  the  current  event  to  the  next 
time  at  which  an  event  is  scheduled.  Each  event  corresponds  to  a  group  of  computations 
or  procedures  in  the  physical  system  described  in  the  Appendices  as  a  module.  The  event 
sdieduler  under  whidi  the  mc^el  operates  consists  of  three  procedures: 

(a)  Activate(Event,Event_Time),  which  schedules  an  Event  to  occur  at  the  specified 
Event_Tiine. 

(b)  Event.Handler,  which,  at  the  completion  of  the  current  event,  looks  at  the  times  of 
all  scheduled  events  (stored  in  an  array  according  to  when  they  were  created  rather 
than  in  the  chronok^cal  sequexKe  in  which  they  were  schooled  to  occur)  and 
indicates  which  event  is  sdieduled  to  occur  next.  If  two  or  more  events  are 
scheduled  for  precisely  that  time  an  event  priority  table  is  used  to  determine  the 
sequence  of  executing  the  procedures  associated  with  the  multiple  simultaneous 
events. 
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(c)  Get_Event,  which  is  used  by  the  Event_Handier  to  extract  the  relevant  information 
and  execute  the  procedure  corresponding  to  the  event 

Events  may  be  caused  (scheduled  to  occur  at  some  time  in  the  future)  by  external 
processes,  eg  the  stepping  of  the  aircraft  along  its  pre-defined  fUghtpath,  or  by  event 
generating  circumstances  within  an  executing  event.  Information  is  exchanged  by  global 
and  local  variables. 

12.3  Model  time  sequencing 

In  order  to  achieve  efficient  interchange  of  data  between  the  digital  pod  and  the  analog 
avionics  systems,  the  AIU  divides  its  input,  output  and  computations  into  appropriate 
"rate  groups"  based  on  a  32  Hz  main  loop  cycle.  Five  rate  groups  namely,  32,  16,  8,  4 
and  1  Hz  are  used.  Within  the  Pave  Tack  p^  input  processing  and  computations  are 
performed  at  a  main  loop  cycle  rate  of  40  Hz.  The  pod  output  processing  is  at  a  rate  of 
approximately  240  Hz.  Processing  in  the  pod,  AIU  a^  avionics  subsystems  is 
asynchronous.  Time  references  for  the  various  rate  groups  and  processes  (input,  output 
and  computation)  are  shown  in  Table  1,  where  represents  analog  processing. 

SiiKe  FPTS  is  a  digital  simulation,  the  rate  group  structure  is  readily  emulated,  but  the 
analog  computations  at\d  I/O  procedures  must  be  represented  as  discrete  events  occurring 
at  rates  determined  by  the  maximum  rate  requirement  in  other  areas  or  by  accuracy 
considerations.  Because  of  the  AD/DA  conversion  and  the  lack  of  syiKhronisation  it  is 
possible  for  a  spurious  time  lag  of  up  to  one  period  to  occur  in  data  transmission  between 
different  rate  groups. 


Table  1  Timing  references 


MODE 

FREQUENCY  IN  HZ 

oo 

240* 

40 

32 

16 

8 

4 

i 

IN 

t. 

tr 

to 

^13 

COMP 

to 

t» 

*3 

U 

^10 

OUT 

^21 

Js _ 

U 

tn 

^12 

tl3 

*  the  actual  fi«((ucncy  it  3125/13  •  240i3S46 


12.4  FPTS  baseline  assumptions 

The  F'lllC  Pave  Tack  Simulation  (FPTS)  is  written  with  a  number  of  baseline 

assumptions,  viz: 

(a)  All  avionics  equipments  are  considered  to  be  functional  and  hence  procedures  that 
are  carried  out  in  the  event  of  any  equipment  failure  are  not  included  in  the 
simulation. 

(b)  The  operational  boundaries  of  any  piece  of  equipment  are  not  exceeded. 

(c)  Only  takes  the  cue  search  mode  and  coarse  cue  mode  are  used.  It  should  be  noted, 
however,  that  it  would  be  a  simple  task  to  incorporate  the  other  four  search  modes. 
However,  these  modes  where  not  requested  by  the  Sponsor. 


UNCLASSmED 


18 


UNCLASSIFIED 


ERL<«656-RR 


(d)  Great  circle  navigation  is  not  used  in  the  model  and  die  Navigation  Computer 
Unit  (NCU)  b  therefore  either  set  to  short  range  navigation  or  one  of  the  weapon 
delivery  modes. 

(e)  The  facility  for  manual  offsets  b  not  included. 

(0  Memory  point  track  mode  b  not  considered.  It  should  be  noted  that  only  a  simple 
laser  ii^bit  region,  consbtii^  of  the  upper  hembphere  relative  to  the  aircraft 
referetKe  frame,  b  considered. 

(g)  Velocity  updates  are  not  considered. 

(h)  Only  conventional  dumb  bombs  or  laser  guided  bombs  (LGB)  are  considered  as 
weapons. 

(i)  The  attack  radar  b  considered  to  be  in  GND  VEL  or  GND  AUTO  modes  only.  The 
use  of  these  modes  makes  it  possible  to  select  Pave  Tack  as  prime  at  any  time. 

It  can  be  seen  dut  the  effects  of  dtese  assumptions  b  to  limit  the  range  of  operations 

possible  but  not  the  accuracy  of  representation  of  those  aspects  simulate. 


13  WEAPON  DELIVERY  MODELS 

The  types  of  weapon  could  include  simple  bombs,  laser  guided  bombs  and  Harpoon.  A  number 
of  good  weapon  delivery  modeb  exbt  for  both  simple  and  laser  guided  bombs.  The  Texas 
Instruments,  fully  validated  six-degree-of-freedom  model  for  the  GBU*12B/B  and  GBU-IOC/B 
laser  guided  bomb  is  available  on  the  DSTOS,  IBM  ES/9000  mainframe  computer(31].  In 
addition,  a  simplified  version  has  been  developed  for  use  on  either  the  mainfoame  or  on  an  IBM 
PC  compatible(32].  Thb  model  has  been  validated  against  the  Texas  Instruments  model.  Another 
faster  running,  simpler  model  was  developed  as  part  of  the  AIR  86/166,  Pave  Tack  modelling 
task{7]  and  can  also  be  used  on  a  PC.  The  models  also  can  be  used  for  unguided  simple  bombs. 
Reference  32  deab  mainly  with  the  Mk  Kl/GBU  12, 500  lb  bombs.  It  also  should  be  possible  to 
deal  readily  with  the  Mk  84/GBU  10  bombs  and  the  BDU  33  practice  bomb.  The  initial 
conditions  necessary  to  use  the  weapon  delivery  models  include  aircraft  position,  orientation  and 
moticm  descriptors,  provided  by  FnS,  bomb  characteristics  and  these  models  assume  die  bomb 
ejection  velocities  are  known  and  no  attempt  is  made  to  modify  these  to  account  for  post  release 
turbulence.  A  method  for  dealing  with  this  is  described  in  references  34  and  35.  Launch-time 
information  derived  from  FPT5  can  also  be  used  as  input  to  the  HAMA  software{33]  for 
predicting  the  performaiKe  of  the  Harpoon  missile. 


14  DISCUSSION 

The  F-lllC  Pave  Tack  Simulation  reported  in  diis  document  was  originally  developed  from 
conceptual  guidelines  laid  down  in  reference  6.  This  base  model  was  subsequently  refined 
during  a  process  of  ratification,  cross-checking  with  available  literature  and  assessment  of 
requiremenb.  This  process  involved  much  communication  with  British  Aerospace  Australia  and 
Goieral  Dynamics  and  Loral  Aerospace  of  the  US.  The  simulatfon  has  therefore  become 
considerably  refined,  particularly  in  the  areas  of  graphical  display  features  and  human  operator 
interaction[36]. 

As  well  as  the  comprehensive  work  required  to  incorporate  the  manual  interaction  of  the  human 
operator,  enhancements  were  made  to  the  FPT5  allowing  the  inclusion  of  a  perfect  operator  ie 
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one  that  results  in  zero  target  designation  and  tracking  errors.  This  hicility  is  very  important  to 
the  analyst  The  F-lllC  flight  model  is  discussed  in  Section  62  and  is  used  off-line  from  the 
FPTS  to  generate  an  aircraft  flight  path  and  provide  associated  information  on  the  aircraft 
orientation  throughout  this  profile.  Cotuiderable  work  had  to  be  undertaken  in  order  that  the 
FPTS  could  accept  and  utilise  this  data.  To  incorporate  the  effects  of  aircraft  orientation  on  the 
Pave  Tack  display,  for  example,  required  an  understanding  of  the  dynamics  of  the  pod  and 
representation  of  the  numerous  coordinate  systems  associated  with  the  airaaft  and  the  Pave 
Tack  pod  systems. 

As  an  illustration  of  the  current  status  and  capabilities  of  the  main  FPTS,  a  number  of  sample 
results  will  be  presented.  These  results  will  serve  to  illustrate  many  of  the  features  of  the  Flhs 
that  have  been  discussed  throughout  this  document  For  the  purpose  of  this  discussion,  the 
results  will  concern  the  vertical,  northern  and  eastern  components  of  aircraft-to-target  range  and 
the  system  generated  corrections  (to  perceived  errors  in  navigation)  in  these  directions.  Errors 
in  th^  range  comporwnts  are  expressed  as  the  diff»ence  between  the  system  and  the  precise 
range  compona\ts  nwitiorted  earlier. 

It  is  important  to  note  that  iitertial  velocity  components  are  provided  by  the  F-lllC  flight  path 
model.  These  components  are  fed  to  the  FPTS  at  a  rate  of  32  Hz  where  they  are  integrated  and 
used  to  give  range  components  to  the  target  or  selected  aimpoint.  (The  reader  is  referred  to 
module  2.4  of  Appendix  IV  for  details  of  this  process.)  Use  of  these  inertial  velocity  components 
can  therefore  result  in  range  errors  due  to  the  discrete  nature  of  the  numerical  integration.  Such 
errors  do  rtot  occur  in  the  sample  results  illustrated  in  this  section  since  the  airaaft  is  considered 
to  be  flying  in  auise  conditions.  The  use  of  the  F-lllC  flight  path  model  in  this  manner  is 
temporary  pending  the  incorporation  of  a  sophisticated  INS  model[37].  Cruise  conditions  were 
therefore  considered  so  that  unrealistic  (ie  not  occurring  in  the  true  system)  INS  errors  do  not 
mask  the  inherent  characteristics  of  the  Pave  Tack  and  associated  systems. 

The  results  presented  in  this  section  relate  to  a  simple  scenario  with  the  following  conditions: 

(a)  A  perfect  operator  is  assumed  ie  any  errors  traces  that  are  illushated  are  inherent  in  the 
system  arxl  not  introduced  by  exterrtal  sources. 

(b)  Initial  airaaft  latitude:  0.624145  and  longitude:  2.055815  radians 

(c)  Altitude:  1000  ft 

(d)  Target  latitude:  0.626600  and  longitude:  2.055700  radians 

(e)  Aircraft  speed:  984  feet/s  (approximately  300  ms') 

(0  Aircraft  heading:  0  degrees 

It  should  be  noted  that  the  airaaft  is  flying  due  north  along  a  line  of  constant  longitude  such 
that  it  will  fly  by  the  target. 

Figures  9  to  17  pertain  to  the  above  scenario  with  die  assumption  that,  throughout  the  mission, 
there  are  no  actual  navigation  errors.  The  simplicity  of  die  above  scenario  (that  of  cruise 
conditions,  zero  target  designation  or  tracking  errors  and  actual  navigation  errors  of  zero)  was 
purposely  selected  in  order  to  illustrate  the  basic  characteristics  that  are  inherent  in  the  Pave 
Tack  configuration.  The  effect  of  actual  navigation  errors  and  how  the  system  can  be  used  to 
compensate  for  these,  are  discussed  later  in  this  section.  What  is  illustrated  in  the  results  of  this 
first  scenario  is  die  vertical,  north  and  east  ranges  to  the  target  as  perceived  by  the  airaaft's 
navigation  system.  It  should  be  noted  that  the  actual  vertical  range  is  not  constant  but  takes  into 
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account  earth  curvature  between  the  aircraft  and  target  and  hence  varies  during  flight.  Only 
when  the  aircraft  is  immediately  above  the  target  is  the  actual  vertical  range  equated  to  pressure 
altitude. 

Figures  9  to  12  correspond  to  the  system  in  Cue  mode.  Figure  9  shows  the  variation  with  time 
of  the  error  in  vertical  range  to  the  target  (ie  die  inaccuracy  of  the  aircraft's  representation  of  this 
range).  It  can  be  seen  from  this  figure  that  the  error  in  the  system  vertical  range  does  not  exceed 
5  ft  (ie  a  percentage  error  of  about  05  %). 

Figure  10  illustrates  the  variation  in  the  precise  and  system  range  components  in  the  north 
direction,  this  variation  is  shown  over  a  relatively  small  time  interval  to  illustrate  the 
characteristics  of  these  profiles.  North  range  is  calculated  at  a  rate  of  16  Hz.  This  range  is  then 
sampled  at  a  rate  of  40  Hz  and  used  by  die  pod  to  determine  such  information  as  pointing 
direction.  Since,  in  this  scenario,  the  aircraft's  velocity  vector  is  purely  northern,  the  sampled 
range  nordi  can  be  somewhat  stale.  This  staleness,  cauwd  by  the  difference  in  the  rate  at  which 
the  north  range  is  calculated  and  the  rate  at  which  it  is  used,  gives  the  jagged  appeararKe  shown 
in  Rgure  10.  The  profiles  shown  in  Figure  10  ediibit  the  same  features  throu^iout  the  selected 
mission  except  in  the  vicinity  of  zero  north  range;  the  characteristics  of  the  north  range  error 
in  this  vicinity  are  addressed  later  when  discussing  Figure  11.  Inherent  in  the  Pave  Tack'  system 
equations  are  a  number  of  empirical  adjustment  terms  which  serve  to  enhaiKe  system 
performance.  One  such  term  is  found  in  Module  35  (equation  (a))  and  is  used  to  adjust  the  slant 
range  to  the  target.  Referring  to  Figure  10,  it  is  important  to  note  that  the  preserwe  of  this  term 
results  in  the  system  north  range  profile  being  superimposed  over  die  precise  range  profile. 
Omitting  this  particular  empirical  correction  term  causes  the  system  range  contour  to  lie 
continually  above  the  precise  proflle  such  that  the  system  error  is  approximately  doubled.  This 
illustrates  the  significaiKe  of  sudi  correction  terms  and  furdier  emphasises  the  importance  of  the 
ratification  process  that  had  to  be  conducted  in  developing  the  FI^S  and  associated  software. 

In  Figure  11  is  shown  die  variation  with  time  of  the  north  range  error  (ie  the  differeiKe  between 
the  two  proflles  shown  in  Figure  10).  The  flve  bands  result  from  the  jagged  nature  of  the  system 
north  range  and  indicate  the  coverage  of  dre  range  of  values  of  north  error  that  occur  due  to  the 
discrete  system.  Any  one  error  band  rises  to  a  peak  when  the  aircraft  is  at  zero  north  range  from 
the  target.  This  feature  results  from  the  empirical  adjustment  term,  discussed  above,  losing  its 
significaiKe  (ie  tending  to  zero)  when  the  baring  to  the  target  is  close  to  90^.  It  is  important  to 
note  that  the  slant  range  to  the  target  is  used  to  calculate  ground  range  which  in  turn  gives  the 
north  and  east  components  of  this  range.  The  efrect,  shown  in  Figure  10,  of  the  correction  term 
discussed  above  has  therefore  to  be  shared  between  die  north  and  east  ranges.  The  gradual  rise 
and  fall  either  side  of  the  peak  in  any  one  error  band  shown  in  Figure  11,  results  from  an 
increasing  and  decreasing  proportion  of  the  correction  term  beir^  used  on  the  east  range.  In 
Rgure  12  is  shown  the  variation  in  the  inaccuracy  of  the  east  range  representation  where  the 
influenoe  of  this  correction  term  is  seen  to  become  more  evident  as  the  aircraft  nears  the  target 
where  the  cast  range  becomes  considerably  greater  dian  the  north.  Since,  in  this  simple  scenario, 
the  actual  east  range  to  the  target  is  constant,  the  eff^  of  the  correction  term  (which  serves  to 
compensate  for  errors  introduced  by  discrete  sampling)  is  to  make  die  system  east  range  diverge 
from  the  actual  east  range. 

Rgures  13  and  14  correspond  to  the  system  in  Track  mode  without  the  laser  firing.  Track  mode 
is  entered  after  approximately  73  s  into  the  mission  and  the  aircraft  is  directly  alongside  (zero 
nordi  range)  the  target  at  approximately  52  s  into  the  mission.  It  is  important  to  note  that  short 
range  navigation  mode  is  also  selected,  this  is  an  essential  requirement  if  any  navigation  updates 
are  to  occur  in  this  mode  of  Track.  When  in  this  mode  (and  similarly  whm  the  laser  is  flring) 
the  system  will  attempt  to  correct  for  any  perceived  errors  in  navigation.  When  in  this  mode, 
the  variation  with  time  of  the  vertical  range  error  is  almost  identical  to  that  shown  in  Figure  9 
for  Cue  mode.  The  magnitude  of  the  correction  signab  to  vertical  range,  generated  in  Track 


UNCLASSIFIED 


21 


ERL-OtSC-RR 


UNCLASSmED 


mode,  is  minuscule  in  comparison  with  the  vntical  range  at  any  instant.  This  can  be  clearly 
explained  by  referring  to  specific  equations  in  numerous  components  of  the  Pave  Tack  system. 
Any  correction  sigrtab  to  the  vertical  range  are  not  used  by  the  system,  in  this  mode,  to  update 
vertical  range.  Such  updates  occur  in  Track  mode  only  when  the  laser  is  firing.  G>rrection 
signals  generated  in  non-laser  Track  serve  as  initial  values  to  any  update  processes  conducted 
on  vertical  range  when  the  laser  is  firing. 

The  variation  in  north  range  error  and  north  range  correction  is  shown  in  Figure  13.  The 
oscillatory  nature  of  the  pod  correction  signal  prior  to  entering  Track  mode  is  caused  from  the 
discrete  sampling  of  initial  correction  sigrtals  gerterated  when  in  Coarse  Cue  mode.  When  in 
non-laser  Track  mode,  the  vertical  range  to  the  target  is  used  to  determine  slant  range  and  hence 
components  of  ground  range  to  the  target.  That  is,  the  vertical  range  is  assumed  to  be  exact.  As 
mentioned  earlier,  small  errors  exist  in  the  vertical  range  which  decrease  as  the  aircraft 
approaches  the  target.  The  use  of  this  inaccurate  range  component  gives  rise  to  the  initial 
characteristics  of  the  pod  correction  signal  sho%vn  in  Rgure  13.  The  small  errors  in  vertical  range 
are  initially  manifested  as  relatively  large  north  range  correction  signals  due  to  the  shallow 
depression  angle  of  the  pod  at  the  ranges  coiKemed.  It  is  important  to  note  that  these  relatively 
large  correction  signals  are  not  used  for  navigation  updating  because  they  are  coiuidered 
unrediable.  This  is  due  to  the  shallow  depression  angle  of  the  pod.  Three  corrections  afe 
accepted  and  used  in  the  Navigation  Compute  Unit  for  ttavigation  updating.  These  occur 
approximately  at  times  50, 55  and  58  s  ai¥l  the  effect  of  these  updates,  on  the  north  range  error, 
can  be  clearly  seen  in  Figure  13.  Overall  the  system  representation  of  the  north  range  to  the 
target  has  bem  worsened  by  the  navigation  updates.  This  is  a  coruequence  of  tracking  at  high 
speed  and  tow  altitude  where  any  errors  that  are  inherent  in  a  discrete  system  are  accentuated. 
Figure  14  shows  the  east  range  profiles  which  exhibit,  for  the  same  reasons,  similar 
characteristics  to  those  of  Figure  13. 

Figures  15  to  17  correspotKl  to  the  system  in  Track  mode  with  the  laser  firing;  track  mode  again 
entered  at  approximately  7.3  s  and  the  laser  fired  after  about  92  s  into  the  mission.  In  this  mode 
of  operation,  the  pod  no  longer  relies  on  the  vertical  range  being  exact  siiKe  the  laser  range 
gives  an  accurate  measure  of  the  slant  range  to  Uie  target.  Owing  to  the  reliability  of  the  laser 
range,  navigation  updates  are  more  frequent  and  in  the  mission  discussed  here  12  updates  were 
made.  Updates  are  also  made  to  the  vertical  range  to  tiie  target. 

Figure  15  shows  the  variation  in  the  error  in  the  v«tical  range  aiKl  the  pod-generated  correction 
signal  to  this  range  compoitent.  The  effect  of  the  correctkm  sigrtals  can  be  clearly  seen  after  the 
laser  has  been  fired.  Prior  to  laser  fire  the  variation  in  the  error  is  as  shown  in  Figure  9.  The 
large  errors  exhibited  in  the  vicinity  of  the  target  are  the  result  of  discrete  sati^ling  and  range 
comparisons  made  over  a  period  where  the  slwt  range  to  the  target  is  changing  rapidly.  This 
can  be  explained  with  lefererKe  to  the  equations  in  Module  7.6.  Similar  features  to  those  of 
Figure  15  are  present  in  tiie  north  range  and  east  range  profiles  of  Figures  16  and  17.  Overall 
the  effect  of  navigation  updating  can  be  seen  to  have  a  miitimal  effect  on  the  system  vertical, 
north  and  east  rai^  components.  This  is  bacause  the  system  is  respotxling  to  perceived 
navigation  errors  in  a  scenario  where  the  actual  navigation  enors  are  zero. 

Bgiues  18  to  23  relate  to  the  sanne  scerurio  as  Figures  9  to  17  but  with  the  following  initial 
navigation  errors: 

(a)  A  100  ft  error  in  the  vertical  range  to  the  target 

(b)  An  error  of  0.000050  radians  in  the  aircraft  latitude  (ie  the  navigation  system  has  the 
aircraft  initially  at  latitude  0.624095  radians).  This  translates  to  an  approximate  error  of 
1044  ft  in  the  north  range  to  the  target. 
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(c)  An  «ror  of  0.000020  radians  in  the  aircraft  longitude  (ie  the  navigation  system  has  the 
aircraft  initially  at  longitude  2.055795  radians).  This  translates  to  an  approximate  error  of 
340  ft  in  the  east  range  to  the  target. 

When  in  Cue  mode,  the  vertical,  north  and  east  errors  for  this  scenario  have  exactly  the  same 
characteristics  as  those  profiles  shown  in  Figures  9  to  12  except  that,  in  this  case,  the  magnitude 
of  the  errors  are  increased  to  reflect  the  actual  navigation  errors  that  are  present. 

Figures  18  to  20  relate  to  the  vertical,  north  ai^l  east  range  compoiwnts  respectively  when  the 
pod  is  in  Track  mode  without  the  laser  firing.  Track  mode  was  entered  at  approximately  73  s. 
It  is  important  to  recall  that,  in  this  ntode  of  operation,  the  vertical  range  is  assumed  to  be  exact 
aiKl  is  used  to  determine  the  correction  signals  or  range  trims  that  need  to  be  applied  to  the 
rwrth  and  east  range  components.  No  corrections  are  made  to  the  vertical  range.  In  Figure  18 
is  shown  the  variation  with  time  of  the  vertical  raitge  to  the  target.  As  mentioiwd  earlier,  the 
vertical  range  is  a  hmction  of  the  aircraft  altitude  and  the  curvature  of  the  earth  between  the 
aircraft  and  the  target.  Earth  curvature  is  expressed  in  terms  of  the  ground  range  to  the  target 
(ie  a  function  of  the  north  and  east  range  components).  As  illustrated  in  later  figures,  corrections 
are  made  to  the  north  attd  east  range  components  and,  although  navigation  updates  to  the 
vertical  range  are  rwt  made,  these  corrections  affect  the  vertical  range  via  the  earth  curvature 
term.  This  is  illustrated  in  Figure  18  by  the  distinct  kmk  in  the  vertical  range  profile. 

In  titis  mode  ten  correction  signals  were  accepted  and  passed  to  the  NCU  for  navigation 
updating.  The  effect  of  these  signals,  on  the  system  twrth  aiui  east  range  components,  can  be 
clearly  seen  in  Figures  19  aiKl  20.  It  should  be  noted  that  the  overall  effect  of  the  corrections  is 
minimal  and  this  is  a  direct  consequerKe  of  tiw  assumption  of  exact  vertical  range.  (As  an  aside, 
running  this  scertario  witii  an  actual  vertical  range  error  of  zero  results  in  successful  navigation 
updating  in  that  the  errors  in  the  north  atKl  east  range  components  gets  reduced  to  minimal 
values.) 

In  Figures  21  to  23  are  shown  the  errors  in  the  range  components,  aiKl  the  pod  generated 
correction  sigrtals  to  these  errors,  when  in  Track  mode  with  the  laser  firing.  Track  mode  was 
again  entered  after  approximately  73  s  and  the  laser  was  fired  after  about  93  s  into  the  mission. 
In  this  case  23  corrections  were  used  by  the  NCU  for  navigation  updating  of  each  of  the  range 
components.  It  is  quite  evident  from  thi^  figures  that  navigation  updating  is  successful  in  that 
what  were  large  errors  in  the  vertical,  nortit  and  east  range  components  have  been  reduced  to 
relatively  very  small  values. 

The  results  illustrate  the  rtavigation  capabilities  of  the  Pave  Tack  aixl  associated  systems  under 
the  chosen  conditions.  Running  other  scenarios,  but  maintainiitg  the  assumptions  of  cruise 
conditions  and  a  perf^  operator,  would  ^ve  very  »milar  results.  For  reasons  already 
mentioned,  the  effect  of  a  maiK)euvrmg  aircraft  can  only  be  considered  after  the  irKoiporation 
in  the  FPTS  of  a  sophisticated  representation  of  the  Inc^l  Navigation  System.  This  aspect  is 
addressed  in  refere^  37.  The  af^  of  the  tracking  capability  of  ^  Weapons  Officer  has  been 
studied  and  is  reported  in  referoKe  36. 


15  CONCLUSIONS 

An  F-lllC  Pave  Tack  Simulation  (FPTS)  has  been  developed  which  enccunpasses  the  Pave  Tack 
^  system  itself  and  many  of  the  associated  avionic  and  sensor  systems  in  the  F-lllC.  The 

simulation  has  a  wealth  of  potential  applications  aiKl  the  modular  structure  of  the  FPTS  greatly 
facilitates  the  modification  or  replacement  of  existing  componenb,  artd  the  addition  of  new 
modules  to  the  system. 
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Owing  to  its  interactive  nature,  the  FPTS  has  obvious  scope  as  a  part  task  trainer  or  some  other 
form  of  computer-aided  training.  The  simulation  could  be  used  as  a  classroom  training  device 
for  familiarising  trainees  with  such  aspects  as  pod  imagery  orientation  for  particular  scenarios, 
and  also  as  a  support  system  to  an  F-lllC  cockpit  simulator.  The  FPTS  is  sufficiently 
sophisticated  to  tw  used  in  such  studies  as  post  arrd  pre  avionics  update  performance 
comparisotrs.  The  simulation  could  also  be  used  as  a  tool  for  mission  planning  arrd  post  nrission 
analysis;  for  which  it  was  origiirally  interrded. 

The  present  simulation  forms  a  firm  foundation  upon  rvhkh  further  analyses  can  be  carried  out. 
The  overall  system  is  largely  generic  aird  therefore  the  tools  aird  the  knowledge  base  developed 
from  this  task  will  greatly  assist  any  studies  relatii^  to  other  aircraft  and/or  aircraft  systems. 


UNCLASSmED 


c 


UNCLASSnED 


ERL^KS^Rlt 


1. 


2. 


3.  M.D.  Bums 


4. 


5. 

6.  M.A.  Hue 

7.  D.A.B.  Fogg,  S.  Lukacs 


8.  D.A.B.  Fogg,  S.  Lukacs 


9. 


10.  D.A.B.  Fogg,  R.  Janus 


11. 


12. 


13. 


REFERENCES 

"AN/AVQ-26  Pave  Tack  System  Description  Part  I".  Ford 
Aerospace  and  Communications  Corporation, 
PT-78-FS4)01,  Fd>ruary  1978. 

"AN/AVQ-26  Pave  Tack  System  Description  Part  II".  Ford 
Aerospace  and  Communications  Corporation, 
PT-78-FS001,  Confidential ,  Febniary  1978. 

"Aircraft  Right  Path  Pk>ttir>g  Software”.  Combat  Systems 
Effectiveness  Group,  Working  Paper,  CSF/A25,  February 
1987. 

Tast  Colour  Displays  of  Digital  Terrain  Elevation  Data, 
User  Handbook".  CSA  SED/5347/0800/0010, 
September  1988. 

"Report  on  the  Pave  Tack  System  Accuracy”.  BAe'  Aust 
20931,  October  1988. 

"F-lllC  Pave  Tack  Flight  Test  Model  Conceptual  Outline". 
BAe  Aust  21046,  November  1988. 

"An  Analysis  of  Navigation  aiwl  Weapon  Delivery 
Accuracies  for  Ow  F-lllC  Avionics  Update,  Part  I, 
Procedures  and  Summary  of  Results".  WSRL  Technical 
Report  WSRL-TR-17/89,  March  1989. 

"An  Analysis  of  Navigation  and  Weapon  Delivery 
Accuracies  for  the  F-lllC  Avionics  Update,  Part  II, 
Detailed  Results”.  WSRL  Technical  Report 
WSRL-TR-17/89,  March  1989. 

"F-lllC  Maitoeuvre  Controller  Programme  F-lllC  PILOT 
User  Information".  Department  of  Electrical  and 
Computar  Engineering,  University  of  Newcastle, 
June  1989. 

"A  Generic  Inertial  Navigation  System  Model  for 
Con^ter  Simulation  Studies".  WSRL  Technical 
Memwandum,  WSRL  TM-30/90,  September  1990. 

"AN/AJQ-20A  Inertial  Bomb  Navigation  Set".  Section  1, 
Discription  artd  Operation,  F-lllC  Fli^t  Manual. 

T-lllC  Pave  Tack  /  Guided  Weapons  Accuracy 
Prediction  Document".  FZM-12-26604,  General  Dyiutmics, 
Fort  Worth  Division,  15  February  19K. 

"Ground  and  Fligfit  Testing  of  Litton  LTN-72R  Irtertial 
Navigation  System  Integration  with  C130H  Installed 
equipment  -  Phase  Two  -  Analysis  of  Operatioital 
Performance  Between  July  1979  atvl  May  1980".  Airaaft 


UNCLASSEPIED 


25 


Eiimiuc-ui 


UNCLASSmED 


14.  D.A.B.  Fogg 


15.  D.A.B.  Fogg,  J.M.  Dunn 


16. 

17. 

18. 


19.  D.A.B.  Fogg 


20. 


21. 


22.  J.G.  Gardner 


23. 


24.  V.  Wcrtx,  G.C  Goodwin, 
C.E.  De  Souza, 

M.J.  Loveridge 


25.  C.E.  De  Souza 


26.  P.W.  Gibbens 


Research  Development  Unit  Report  No  ARDU-TS-1652, 
January  1961. 

"F-lllC  Flight  Models  for  G>mbat  Systems  Performance 
Studies”.  WSRL  Technical  Report  WSRL-TR-6/91, 
January  1991. 

"A  Terrain  Model  for  Aiuilysis,  Display  atvl  Motion 
Simulation  in  Combat  Systems  perfonnaiKe  models."  ERL 
Technical  Report  (to  be  published). 

"Prime  Item  Development  Specification  for  Radar  Set 
AN/APQ  -16S” 

"System  Segment  Specification  for  the  Fill  A/E  Avionics 
Modernisation  Pro^am”.  32SSV001,3,  April  1986. 

"Fill  A/E  AMP  Navigation  and  Weapon  ^stem  Error 
Analysis".  Grumman  Aerospace  Corporation: 
AMPRPT-864]03, 12  April  1986. 

'Transformation  Matrices  for  Aerodynamic  problems". 
Weapons  Research  Establishment  Technical 
Memorandum,  WRE-TM-721(AP),  July  1972. 

F-lllC  Pave  Tack  Guided  Weapons  Program. 
PoformaiKe  Evaluation  Phase  Flight  Test  Report  Vots  I- 
V,  RAAF  Pave  Tack  Office  McOellan  AFB,  CA  USA. 
January  1966. 

'TFR  AN/APQ  llO/AN/APQ-128  Specifications" 

"A  Mathematical  Model  of  Manoeuvring  Aircraft  in  a 
Turbulent  Atmosphere”.  Technical  Note  SAD  283, 
March  1970. 

"Effects  of  Weather  on  the  F-111  Tenain  Following  Radar 
System”.  General  Dynamics  Convair  Aerospace  Division, 
FZM-12-13551, 12  February  1973. 

"Design  of  a  Manoeuvre  Autopilot”.  Technical  Report 
EE8703,  Department  of  Electrical  and  Computer 
Engineering,  University  of  Newcastle,  NSW  Australia, 
January  1967. 

Turther  Considerations  on  die  Design  of  Manoeuvre 
Controller  Model”.  Technical  Report  EEi^46,  Department 
of  Electrical  and  Computer  Engineering,  University  of 
Newcastle,  NSW  Australia,  December  1987. 

"F'lllC  Manoeuvre  Controller  Programme  FlllCPILOT 
User  Information”.  Department  of  Electrical  and 
Computer  Engineering,  University  of  Newcastle,  NSW 
Australia,  July  1969. 


UNCLASSIFIED 


26 


UNCLASSmED 


ERL-06Sfr.iUI 


t 


27.  W.J.J.  Roberts 

28.  G.A.  Kom.  T.A.  Kom 

29. 


32.  R.D.  Anderson 

33.  P.  Rogers 

34.  G.  Readett 

35.  G.  Readett 

36.  Fred  D.J.  Bowden, 
Mike  Davies 

37.  Mike  Davies, 

Fred  D.J.  Bowden, 
David  A.B.  Fogg, 
John  M.  Dunn 


"The  Terrain  Following  Radar  and  the  Aerodynamic 
Differential  Equations".  G>mbat  Systems  Effectiveness 
Working  Paper  CSF/A29,  February  1989. 

"Mathematical  Handbook  for  Scientists  and  Engineers", 
Me  Graw-HUl,  New  York,  1968. 

"SYSL  Simulation  Language  User's  Guide".  SYSL/M 
Version  ID,  E^  Consulting,  Poway,  California, 
September  1985. 

"Computer  Program  Development  Specification  for 
Program,  Operational  Flight”.  Q  NoAOOOOll,  Spec. 
No  AS14192E,  Ford  Aerospace. 

"Six-degrees  of  freedom  computer  simulation  for  the 
GBU-12B/B  and  GBU-IOC/B  Laser  Guided  Bombs". 
Missile  Ordnance  Division  Report  No.  C1-776546-F,  Texas 
Instruments  Corporation,  Dallas  Texas,  4th  April,'  1980. 

"A  Simplified  Version  of  the  Texas  Instruments'  Model  of 
the  GBU-12  Laser  Guided  Bomb".  Weapons  Systems 
Research  Laboratory  Technical  Report  WSRL-0559-TR, 
November  1967. 

"The  Harpoon  Attack  Mission  Analyser  (HAMA)". 
Advanced  Engineeriitg  Laboratory  Special  Document, 
AEL-0295-SD,  November  1967. 

"Expanded  Ballistic  Tables  for  Mk  82  Bombs  and  BDU-33 
CB  (Aust)  Practice  Bombs  released  from  Mirage  Aircraft". 
Report  No.  ARDU  TI-677,  RESTRICTED,  November  1980. 

"Development  of  Ballistic  Tables  for  F-lllC  Bombing 
System,  Employing  BDU-33  CB  Practice  Bombs”.  Report 
No  ARDU  TI-607,  January  1979. 

The  Man-in-the-Loop  Aspects  of  the  F-lllC  Pave  Tack 
Simulation".  Research  Rqx>rt,  ERL-0658-RR,  FEB  1993. 

"A  Study  of  F-lllC  Navigation".  Research  Report, 
ERL-0772-RR,  (to  be  published). 


T-111  ARS  Update  Error  Loss  Budget"  General  Electric 
Document  NO.  525854)68, 15  Novendter  1984. 


UNCLASSSTED 


r 

k 


27 


EmL-OUt-RR 


UNCLASSmCO 


AIRCRAFT  SENSORS 


FLIGHT 

MANOEUVRE 

PRESSURE 

MODEL 

CONTROLLER 

ALTITUDE 

ON  BOARD  COMPUTERS 


NAVIGATION 

COMPUTER 


BALLISTICS 

COMPUTER 


CENTRAL 
AIR  data 
COMPUTER 


WIND  SPEED 
SENSOR 


LARA 


INTERFACE 


INTERFACE 

UNIT 


TERRAIN 

FOLLOWING 

RADAR 


PAVE  TACK 


STABLE 

PLATFORM 


MODEL 


inertial 

NAVIGATION 

SYSTEM 


OPERATOR 


LASER 


LOGIC 


VIDEO 

DISPLAY 


1  CONTROL 

■ 

HUMAN 

INFRA  RED 

1 

OPERATOR 

DETECTION 

1 

1  RECORD 

SET 

WEAPONS 


WEAPON 

DELVERY 

MODELS 


VISUAL  I 


Rgitrt  1  MllC  Pat*  Tack  aimalallon  ovanriaw 


UNCLASSmiD 


ENVIRONMENT 


I  ATMOSPHERE 


I  TERRAIN 


NAVIGATION 

UPDATE 

TARGETS 


WEAPON 

targets 


28 


UNCLASSOFIED 


Rgan  2  Fiv«  Tadc  pod  dtploymtiit 


UNCLAMDIED 


EKL-OUt-RK 


UNCLASSmED 


30 


F'lllC  FT/GW  cunor  control  moclunism;  radar  ptimt,  cut  modt,  GND  AUTO 
or  GND  VEL 


rr/Doc 


ERL-0656-RR 


UNCLASSIFIED 


32 


UNCLASSIFIED 


ERL-06S6>IIR 


34 


Vertical  Range  Error  (It) 


ERL-<K56-RR 


UNCLASSIFIED 


Error  ,n  vertical  range 


Time  (s) 
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I.l  NOTATION 

Within  this  appendix  is  a  series  of  figures  which  illustrate  the  coordinate  system  conventions 
adopted  in  the  F-lllC  Pave  Tack  Simulation  and  associated  software.  It  should  be  noted  that 
the  conventions  described  are  not  necessarily  identical  to  those  utilised  in  the  guidance  material 
used  as  references  throughout  this  work.  In  Figures  I.l  to  1.6  are  illustrated  the  conventions 
adopted  for  the  inertial,  aircraft,  analog  interface  unit  (AIU),  pod  and  pod  sightline  Cartesian 
reference  frames  and  also  the  coordinate  system  relating  to  the  Pave  Tack  image  display. 

The  origin  of  each  of  the  reference  frames  is  taken  to  be  at  aircraft  centre-of-mass.  The  position 
at  any  given  time  of  each  of  the  axis  systems  in  Figures  1.2  to  1.5  can  be  expressed  relative  to  the 
inertial  frame  of  Figure  1.1.  The  position  in  space  of  the  aircraft  axis  system  (Figure  1.2)  is  a 
function  of  aircraft  roll,  pitch  and  yaw.  The  X  and  Y  axes  of  both  the  AIU  and  pod  axis  systems 
remain  in  the  inertial  NE  plane  at  all  times  with  the  Y  axis  of  these  systems  being  in  the 
iirection  of  aircraft  heading. 

The  pod  sightline  reference  frame  is  generally  displaced  with  respect  to  the  aircraft  frame.  The 
initial  position  of  the  IJK  axis  system  is  taken  such  the  1,  J  and  K  axes  are  aligned  with  the  Y,  X 
and  Z  axes  respectively  of  the  aircraft  system.  The  general  posihon  of  the  sightline  axis  system 
is  described  by  rotations  with  respect  to  this  initial  position.  These  rotations  are  given  by  the 
outer  and  inner  gimbal  angles  of  the  pod.  Details  of  such  coordinate  system  transformations  can 
be  found  in  Sections  1.2  and  1.3  of  this  appendix.  Since  the  I  axis  represents  the  actual  pod 
sightline  then  the  associated  pod  image  display  is  taken  to  lie  in  the  JK  plane  where,  with 
respect  to  this  image,  J  is  the  horizontal  axis  and  K  the  vertical.  The  image  display  portrayed  to 
the  weapons  officer  is  generally  a  rotation  of  this  pod  image  giving  the  XY  system  illustrated 
in  Figure  1.6.  Such  a  rotation  puts  the  image  in  horizon  natural  mode  such  that  the  true  horizon 
is  always  displayed  horizontally.  In  this  mode,  the  image  is  said  to  be  derotated[36]. 

The  position  of  an  offset  aimpoint  is  described  by  its  range  components  relative  to  the  target  in 
the  north,  east  and  vertical  directions.  These  range  components  are  each  positive  if  the  offset 
aimpoint  is  west  of,  south  of  and  above  the  target. 


1.2  TRANSFORMATIONS:  THEORY  AND  TERMINOLOGY 

Before  discussing  the  coordinate  system  transformations  used  in  the  FPTS,  some  basic  theory 
and  terminology  will  be  introduced.  In  the  simulation,  as  will  be  illustrated  later, 
transformations  are  only  applied  to  right-handed  axis  systems  and  it  is  to  this  type  of  system 
that  the  following  discussion  applies. 

The  orientation  of  any  one  reference  frame  relative  to  another  can  be  specified  by  three  rotations 
or  angular  coordinates,  namely;  roll,  pitch  and  yaw.  Each  rotation  can  be  described  by  an 
appropriate  3x3  matrix  and  the  characteristics  of  each  matrix  will  be  introduced  below.  The 
reader  is  referred  to  reference  19  for  details  concerning  the  derivation  of  these  matrices. 

For  the  purposes  of  this  introduction,  the  right-handed  axis  system  shall  be  labelled  OXYZ 
where  roll,  pitch  and  yaw  are  rotations  about  the  X,  Y  and  Z  axes  respectively  and  O  is  the 
origin  of  the  system.  (Direction  of  positive  rotation  is  given  by  the  'right-hand  grip  rule'  where 
the  thumb  points  along  the  positive  direction  of  the  appropriate  axis  and  the  gripping  fingers 
indicate  positive  rotation.)  Any  rotation  will  be  said  to  give  a  new  axis  system  OX'Y'Z'.  A 
general  point  shall  be  considered  to  have  Cartesian  coordinates  x,  y,  z  with  respect  to  axis  system 
OXYZ  and  coordinates  x',  y',  z'  with  respect  to  OX'Y'Z'. 
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1.2.1  The  roll  matrix 

A  rotation  of  the  OXYZ  axis  system  through  a  roll  angle  (])  results  in  a  new  axis  system 
where: 


[a:',  y'.  z'T  »  <I>  \x,  y, 


(I.l) 


where  a  superscript  T  denotes  the  matrix  transpose  and  <t>  is  the  roll  matrix  given  by: 


1 

0 

0 


0 

COSO 

-sino 


0 

sino 

COSO 


(1.2) 


1.2.2  The  pitch  matrix 

A  rotation  of  the  0)CYZ  axis  system  through  a  pitch  angle  0  results  in  a  new  axis  system 
where: 

W.  y',  z'f  ^  e  lx,  y,  zf  (1.3) 

where  0  is  the  pitch  matrix  given  by: 


COS0 

0 

-sin0 

0 

1 

0 

sin0 

0 

COS0 

(1.4) 


1.2.3  The  yaw  matrix 

A  rotation  of  the  OXYZ  axis  system  through  a  yaw  angle  y  results  in  a  new  axis  system 
where: 


lx',  y‘,  z'V  =  'V  lx,  y,  zf 


where  y  is  the  yaw  matrix  given  by: 


'V 


cosvy  sin\|/  0 
-sinv)/  cosy  0 
0  0  1 


(1.5) 


(1.6) 


The  above  matrices  will  be  used  for  reference  purposes  in  the  following  section.  For  example, 
will  denote  a  pitch  matrix  with  the  same  appearance  as  matrix  0  but  with  the  pitch  angle 
9..,  used  in  lieu  of  6. 


1.3  TRANSFORMATIONS  USED  IN  THE  FPTS 

At  any  instant  in  time,  the  relative  orientations  of  the  aircraft,  inertial  and  sightline  axis  systems 
form  important  features  of  the  FPTS.  There  are  three  transformation  matrices  that  are  used  to 
describe  the  relative  positioning  of  these  three  systems,  namely: 


UNCLASSIFIED 


50 


UNCLASSIFIED 


ERL<0656>RR 


CAI  -  the  inertial-to-aircraft  transformation  matrix, 

CSA  -  the  aircraft-to-sightline  transformation  matrix  and 

CSI  -  the  inertial'to-sightline  transformation  matrix. 

The  aircraft  axis  system  (Figure  12)  is  generally  at  some  orientation  given  by  aircraft  roll,  pitch 
and  yaw  aitgles  relative  to  the  inertial  refererKe  frame  (Figure  I.l).  If  8^  and  denote 
aircraft  roll,  pitch  and  yaw  respectively  then  the  inertial-to^craft  transformation  matrix  CAI 
is  givot  by: 


CAI  =  e„  4*^  (1.7) 

where  <1>4, and  are  the  aircraft  roll,  pitch  and  yaw  matrices.  It  should  be  noted  that  aircraft 
roll,  pitch  ai^  yaw  are  rotations  about  foe  Y  (through  nose),  X  (through  right  wing)  and  Z 
(downward  vertical)  axes  respectively  (see  Figure  12).  It  is  also  important  to  note  foe  order  of 
the  matrix  operations. 

The  orientation  of  the  sightline  axis  system  relative  to  the  aircraft  reference  frame  can  be 
described  by  the  outer  and  inner  gimbal  angles  of  foe  pod  since  these  angles  are  referenced  to 
foe  aircraft  frame.  The  sightline  system  can  foerefore  be  generally  regarded  as  being  at  outer 
roll  ^o/  outer  pitch  8o,  iruier  yaw  y,  and  inner  pitch  9i  with  respect  to  the  aircraft.  The  aircraft-to- 
sightline  transformation  matrix  CSA  is  given  by: 


CSA=  e,4»,eo»>o  (1-8) 

where  6,,  NK,,  Qq  ^od  <l>o  are  foe  irmer  pitch,  inner  yaw,  outer  pitch  and  outer  roll  matrices 
respectively. 

The  inertial-to-sightline  transformation  matrix  CSI  can  be  derived  from  CAI  and  CSA  by: 

CSI  =  CSA  CAI .  (1.9) 

The  methods  used  to  calculate  each  of  the  above  transformation  matrices  are  discussed  in  the 
following  section. 


1.4  APPUCATIONS  OF  MATRIX  TRANSFORMATIONS 

The  need  for  and  applications  of  the  FPTS  transformation  matrices  vary  with  foe  mode  of 
operation  of  the  Pave  Tack  system  at  any  given  time. 

Aircraft  roll,  pitch  and  yaw  ate  external  inputs  to  the  simulation  and  are  pre-generated  as  part 
of  foe  airaaft  flight  profile  data.  These  quantities  are  available  in  any  operation  mode  and 
therefore  foe  inertial-to-airaaft  transformation  matrix  CAI  can  be  dire^y  constructed  at  any 
time. 

Matrices  CSA  and  CSI  are  functions  of  the  position  of  the  pod  sightline  relative  to  foe  aircraft. 
The  methods  used  in  the  corutruction  of  th^  matrices  depend  upon  the  mode  of  operation  of 
the  Pave  Tack  pod.  Also,  in  the  case  of  the  modd,  matrix  construction  tedmiques  will  depend 
on  whefoer  or  not  foe  effects  of  the  hiunan  operator  are  considered.  The  appropriate  pod  n^es 
and  the  corresponding  methods  used  to  construct  the  transformation  matrices  are  addressed 
below. 
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k.4.1  Cue  mode 

When  the  Pave  Tack  pod  is  in  cue  mode,  the  pod  sightline  is  slave  to  either  the  location 
of  the  stored  urget  position  (latitude,  longitude  and  altitude)  or  that  of  a  stored  offset. 
The  stored  position  of  the  desired  aimpoint  and  the  current  system  position  of  the  aircraft 
are  used  to  give  the  inertial  range  components  to  the  stored  position. 

Let  the  stored  aimpoint  have  system  coordinates  (R^,,  R^^,  R^)  with  respect  to  the  inertial 
reference  frame  and  system  coordinates  (/?,,  /?,,  /?*)  relative  to  the  sightline  IJK  axis  system. 
Since  the  sightiine  is  directed  through  the  stored  position  then  both  and  are  zero 
and: 


where  Rj  is  the  system  slant  range  to  the  stored  aimpoint.  The  matrix  CAl  is  known  and 
therefore  the  aircraft-to-sightline  transformation  matrix  CSA  is  given  by  the  solution  of: 


0  *  CSA  CAI  R^. 


where  CSA  describes  the  position  of  the  pod  sightline  relative  to  the  aircraft.  As  described 
by  equation  (1.8),  CSA  i.  a  function  of  the  inner  and  outer  gimbal  angles  of  the  pod.  When 
the  pod  is  in  cue  mode  the  sightline  is  coarse  aligned  to  the  stored  position  via  outer 
gimbal  angles  only  ie  inner  pitch  and  yaw  angles  are  both  taken  as  zero  and  the 
correspondingly  0,  and  'P,  are  unit  matrices.  CSA  is  therefore  a  function  of  outer  roll  and 
outer  pitch  only.  In  this  situation,  equation  (Ml)  can  be  shown  to  be: 


COS0O  sinOgSinSg  -cDSf^oSinO^ 


0  J  sin0Q  -sin$gCos0Q  cos(i)QCOs0j, 


CAI  Rc  . 


The  problem  is  now  to  solve  equation  (M2)  to  give  (>0  and  0o  in  terms  of  the  known 
quantities  R^,  R^,  Ry  and  elements  of  matrix  CAI.  An  algebraic  task  gives: 


*  "f- 


.a;  •  t; 


where  T„  T2  and  T3  are  elements  of  the  column  matrix  T  formed  by: 


T  *  CAI  [R,,,,R£,Ryf  . 
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The  corresponding  outer  roll  <I>o  pitch  matrices  can  now  be  formed  which  in  turn 
give  the  aircraft-to-sightline  matrix  CSA  where  CSA  =  ©o  <**o-  The  inertial-to-sightline 
matrix  CSI  can  now  be  formed  from  equation  (1.9).  Thus  all  the  necessary  transformation 
matrices  are  made  available  in  this  mode  of  operation. 

1.4.2  Coarse  cue  mode:  incorporating  the  human  operator 

When  the  pod  is  in  coarse  cue  mode  then  the  operator  maintains  target  designation  by 
adjustment  of  the  pod  sightline  using  the  handle  of  the  Antenna  Indicator  Control  (AlC) 
(or  Target  Control  Unit  (TCU)).  Adjustments  of  the  AlC  handle  result  in  alterations  to  the 
outer  roll  $0  and  pitch  Oq  gimbal  angles  of  the  pod  sightline;  thus  sightline  alignment  is 
again  achieved  by  coarse  means.  From  these  outer  gimbal  angles  can  be  formed  nuttrices 
©o  and  <t>o  which  give  the  aircraft-to-sightline  transformation  matrix  CSA.  Hence,  with  the 
readily  available  CA!  matrix,  the  inertial-to-sightline  matrix  CSI  can  be  formed  via 
equation  (1.9). 

1.4.3  Track  mode:  incorporating  the  hiunan  operator 

Entering  coarse  cue  mode  is  generally  a  prerequisite  to  placing  the  pod  in  track.  When  the 
pod  is  set  in  track  mode  then  the  operator  attempts  to  align  the  pod  sightline  with  the 
desired  aimpoint  by  making  fine  adjustments  to  the  inner  gimbal  angles.  This  is  carried 
out  via  a  thumb  joystick  attached  to  the  AlC  handle.  In  the  true  system  the  outer  pitch 
and  roll  of  the  pod  are  configured  electronically  such  that  they  continually  attempt  to 
nullify  any  inner  pitch  and  yaw.  For  the  purposes  of  this  model,  inner  pitch  is  always 
zero  and  the  operator  affects  outer  pitch  directly.  Also  the  inner  yaw  angles  are  taken  as 
unbounded  since  gimbal  limits  for  such  rotations  in  practice  are  unlikely  to  be  attained. 
Thus  operator  adjustments  give  the  values  of  outer  pitch  and  inner  yaw  and  the 
matrix  CSA  can  be  formed  from  equation  (1.8)  where  ©,  is  the  unit  matrix.  Transformation 
matrices  CAl  and  CSI  can  therefore  be  formed  in  an  identical  manner  to  that  used  in 
coarse  cue  mode. 

1.4.4  Coarse  cue  and  track  modes:  perfect  operator 

A  human  operator  is  inherently  limited  in  his  ability  to  conduct  a  given  task  and  therefore 
the  introduction  of  a  human  to  the  system  immediately  produces  another  contribution  to 
overall  system  accuracy.  The  magnitude  and  effect  of  this  contributing  error,  and  the 
sensitivity  to  different  scenarios,  are  areas  of  analysis  that  can  be  carried  out  with  the 
flight  model  reported  herein.  In  order  to  assess  the  effect  of  an  human  operator  on  the 
system  it  is  important  to  also  consider  system  performance  with  an  operator  who  is 
perfect  at  conducting  the  associated  tasks. 

A  perfect  operator  functioning  with  the  pod  in  track  or  coarse  cue  mode  will  result  in  the 
pod  sightline  always  being  directed  along  the  line-of-sight  (LOS)  to  the  required  aimpoint 
(stored  target  or  offset).  The  appropriate  coordinate  transformation  matrices  must  be  set 
up  such  that  they  reflect  this  positioning  of  the  sightline.  Since  a  perfect  operator  is 
considered  to  position  the  sightline  based  on  the  visual  image  of  the  actual  target  or  offset 
then  the  subsequent  aircraft-to-sightline  and  inertial-to-sightline  transformabon  matrices 
are  constructed  from  precise  range  components  to  the  target  (see  Section  5  of  main  text). 
The  method  used  to  form  matrices  CAI,  CSA  and  CSI  is  therefore  identical  to  that  used 
in  Section  1.4.1  except  that  here  precise  inertial  range  components  R^,  Rjp  and  R^p  are 
used  in  place  of  system  ranges. 
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Figure  1.1  Inertial  reference  frame 
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Figure  1.3  Analog  interface  unit  reference 
frame 
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Figure  1.5  Pod  sight  line  reference  frame 
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Figure  1.2  Airaaft  reference  frame 
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Figure  1.4  Pave  Tack  pod  reference 
frame 
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Figure  1.6  Pave  Tack  image  display 
coordinate  system 
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U.l  INTRODUCTION 

The  F-1  nC  Pave  Tack  Simulation  (FPTS)  is  written  in  a  modular  fashion;  the  layout  of  the  main 
sequence  of  events  being  illustrated  in  Figure  II. 1.  The  main  part  of  the  model  is  associated  with 
navigation  and  weapon  delivery;  the  individual  modules  (1  to  9)  and  submodules  therein  of  the 
main  structure  shown  in  Figure  II.  1  are  discussed  in  considerable  detail  in  Appendices  III 
through  to  XIll.  The  contents  and  structure  of  these  modules  are  derived  from  guidelines  laid 
down  in  reference  6  and  information  held  in  other  references.  Many  equations  and  features  have 
been  incorporated  in  addition  to  those  given  in  the  references. 

The  baseline  assumptions  of  the  FPTS  are  discussed  in  Section  12.4  of  the  main  text.  When 
detailing  a  particular  module,  a  standard  layout  is  adopted  and  is  illustrated  in  Figure  11.2.  Some 
features  of  this  layout  are  discussed  in  the  following  section;  any  other  parts  are  quite  self- 
explanatory.  Each  of  Appendices  Ill  through  to  XllI  also  has  an  illustration,  similar  to  Figure  II. 1, 
of  the  sequence  of  events  associated  with  the  module  for  that  appendix.  To  circumvent  reading 
the  detailed  equations,  the  reader  is  referred  to  such  figures  for  a  quick  guide  to  the  timing  or 
processing  rates  of  each  submodule. 

Many  of  the  equations  have  empirically  derived  numerical  terms,  the  sources  and  functions  of 
which  are  generally  unknown.  Numerical  terms  with  a  known  function  are  explained  with 
appropriate  comments. 


II.2  INPUT,  OUTPUT  AND  TIMING  REFERENCES 

Each  module  identifies  the  source  and  destination  modules  of  each  parameter  as  it  propagates 
through  that  subsystem  of  the  avionics  system  described  by  the  current  module.  The 
interdependence  of  parameters  is  therefore  identified.  An  output  destination  of  'external' 
indicates  that  the  information  is  used  for  display  purposes  (eg  the  positioning  of  the  radar 
cursors).  If  an  input  or  output  parameter  is  binary  (ie  can  take  the  values  0  or  1  (false  or  true) 
only)  then  this  is  indicated  in  the  input  and  output  lists.  Input  parameters  are  sampled  and 
output  parameters  are  fed  on  at  the  rate  of  the  associated  module.  This  rate  is  indicated 
alongside  the  input  and  output  section  headings  of  the  module  description  (eg  in  Figure  11.2  this 
rate  is  40  Hz). 

The  input  parameters  are  generally  set  in  other  modules  which,  owing  to  the  discrete  nature  of 
the  system,  are  not  necessarily  processed  at  the  same  rate  as  the  current  module.  For  this  reason, 
although  input  parameters  are  sampled  at  a  given  rate  the  values  of  these  parameters  can  be 
subject  to  some  time-related  inaccuracy:  the  value  of  the  input  parameters  can  be  somewhat  stale. 
So  that  the  reader  or  analyst  is  made  aware  of  any  parameters  which  may  have  some  inherent 
staleness,  the  update  rate  of  each  input  parameter  (ie  the  processing  rate  of  the  module  from 
which  this  parameter  comes)  is  indicated  under  the  column  headed  'Update'. 

Processing  within  individual  modules  may  be  either  continuous,  as  will  occur  for  analog 
computations,  or  may  be  undertaken  periodically  within  defined  rates  groups,  as  will  occur  for 
digital  computations.  Modules  which  are  processed  at  a  continuous  rate  will  be  indicated  by  the 
abbreviation  'cs'.  (Within  the  flight  model,  variables  which  are  processed  in  a  continuous  manner 
in  the  actual  system  are  set  up  such  that  their  values  are  readily  available  to  any  subsystem 
requiring  them.  That  is,  although  continuous  processing  of  these  parameters  is  impractical,  the 
model  is  never  aware  of  any  time-related  errors  or  staleness  in  these  terms.) 

It  is  very  difficult  in  a  system  such  as  this  to  illustrate  pictorially  the  timing  relationships 
between  the  numerous  subsystems.  In  order  to  provide  some  addihonal  clarity  when  detailing 
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such  a  complex  system,  some  subsystems  have  been  arranged  in  time-related  groups  which  are 
discussed  below. 

(a)  Those  computations  which  are  performed  continuously'  in  real  time  (analog 
computations)  are  referenced  to  time  L- 

(b)  The  AlU  computations,  input  and  utput  processing  are  based  on  a  32  Hz  main  loop 
cycle,  with  individual  sub-tasks  being  undertaken  in  32,  16,  8, 4,  2,  and  1  Hz  rate  groups. 
These  different  groups  are: 

(i)  AlU  32  Hz  rate  group  input  processing  referenced  to  time  t,. 

(ii)  AlU  16  Hz  rate  group  input  processing  referenced  to  time  t2. 

(iii)  AIU  32  Hz  rate  group  computational  processing  referenced  to  time  tj. 

(iv)  AIU  16  Hz  rate  group  computational  processing  referenced  to  time  t^. 

(v)  AIU  32  Hz  rate  group  output  processing  referenced  to  time  (5. 

(vi)  AIU  16  Hz  rate  group  output  processing  referenced  to  time  L. 

(vii)  AIU  8  Hz  rate  group  input  processing  referenced  to  time  t;. 

(viii)  AIU  4  Hz  rate  group  input  processing  referenced  to  time  t,. 

(ix)  AIU  8  Hz  rate  group  computational  processing  referenced  to  time  t,. 

(x)  AIU  4  Hz  rate  group  computational  processing  referenced  to  time  t,o. 

(xi)  AIU  8  Hz  rate  group  output  processing  referenced  to  time  t,,. 

(xii)  AIU  4  Hz  rate  group  output  processing  referenced  to  time  t,2. 

(xiii)  AIU  1  Hz  rate  group  input  processing  referenced  to  time  t,3. 

(c)  PT  pod  computations  and  input  processing  are  performed  at  a  main  loop  cycle  rate  of  40 
Hz  and  are  referenced  to  time  tjo- 

(d)  Data  is  output  from  the  PT  Pod  at  a  rate  of  3125/13  Hz  (approximately  240  Hz)  and  is 
referenced  to  time  t2,. 

(e)  Data  that  is  output  by  the  laser  module  to  the  pjod  is  done  at  a  rate  of  10  Hz  and  is 
referenced  to  time  t22. 

The  timing  reference  of  each  module  or  subsystem  is  stated,  when  appropriate,  in  the  first  line 
of  the  processing  section  of  the  module  description  (eg  the  timing  reference  in  Figure  II.2  is  (4). 

Where  AIU  computations  are  dependent  on  the  prior  value  of  a  parameter  determined  during 
the  last  rate  group  cycle,  n,  represents  the  parameter  value  determined  during  the  current  cycle 
and  (n,  -  1)  represents  the  parameter  value  determined  during  the  previous  cycle  where  i 
identifies  the  timing  reference  for  the  rate  group  concerned. 
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Where  PT  p)od  computations  are  dependent  on  the  prior  value  of  the  parameter  determined 
during  the  last  main  loop  cycle,  (i)  identifies  the  parameter  value  determined  during  the  current 
cycle,  and  (i-1)  represents  the  parameter  value  determined  during  the  previous  main  loop  cycle. 
The  main  loop  cycle  being  tjo  and  earned  out  at  40  Hz. 
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ENTRY 

i 

V 
1.0 

INITIALISE  (cs) 

i 

V 

2.0 

DETERMINE  NAVIGATION  SOLUTION  (cs) 

I 

V 

3.0 

DETERMINE  RADAR  SIGHTING  POINT  (cs,  @32  and  16  Hz) 

1 

V 

4.0 

DETERMINE  PT  POD  SIGHTING  POINT  (@32,  16,  8  and  4  Hz) 

I 

V 
5.0 

DETERMINE  BOMBING  SOLUTION  (cs) 

I 

V 
6.0 

PERFORM  RADAR  POSITION  UPDATE  (cs) 

1 

V 
7.0 

DETERMINE  PT  POD  SIGHTLINE  VECTOR  POSITIONING  (@40,  3125/13  Hz) 

I 

V 

8.0 

PERFORM  PT  POSITION  UPDATE  (@16,  1  Hz) 

I 

V 

9.0 

PERFORM  PT  ALTITUDE  CALIBRATION  AND  HAT  (@32  and  16  Hz) 

I 

V 

10.0 

DETERMINE  POSITION  OF  TARGET  RELATIVE  TO  AIRCRAFT  (cs,  @40  and  10  Hz) 

I 

V 

11.0 

DETERMINE  OPERATOR  INTERACTHON  (cs,  @40  Hz) 

I 

V 

EXIT 


Figure  II.l:  Baseline  sequence  of  events  for  FPTS 
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Module  #■#:  title 
PURPC6E: 


Description  .. 
INPUTS  v@40  Hz)): 


Input  parameter  1  (Binary) 
Input  parameter  2 
Input  parameter  3 

PROCESSING: 

Timing  reference  14: 

(a)  Processing  step  1. 

(b)  Processing  step  2. 
OUTPUTS  (@40  Hz): 


Output  parameter  1 
Output  parameter  2  (Binary) 
Output  parameter  3 

COMMENTS: 

(a)  Comment  1. 

(b)  Comment  2. 


Parameter  Source 

INPUT_PARM_1  1.5 
1NPUT_PARM_2  4.6 
INPUT_PARM_3  0.2 


Parameter 

Destination 

0UTPUT_PARM_1 

6.3 

OUTPUT_PARM_2 

4.5 

OUTPUT_PARM_3 

3.1 

Figure  II.2:  Template  for  layout  of  FPTS  modules 
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APPENDIX  III 

FPTS:  INITIALISATION  (MODULE  1) 
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III.l  INTRODUCTION 

The  events  associated  with  module  1  are  illustrated  m  Figure  111.1  Each  of  the  submodules  of 
this  event  sequence  is  detailed  below. 


III.2  MODULE  1.1:  PRE-SET  PARAMETERS 

PURPOSE; 


To  initialise  those  navigation  and  weapon  delivery  parameters  required  at  the  beginning 
of  each  flight  or  mission.  These  arc  determined  by  pre-set  positions  of  switches  and 
counters  which  are  not  opierator  selectable  in  flight. 


INPUTS  (cs): 


Initial  value  of  present  position  latitude 
Initial  value  of  present  position  longitude 
Stored  offset  north  (#1,  #2,  #3,  #4,  #5,  »6) 
Stored  offset  east  (#1,  #2,  #3,  #4,  #5,  #6) 
Stored  offset  vertical  (#1,  #2,  #3,  #4,  #5,  #6) 
Target  latitude 

Weapon  trajectory  (X,Y.Z  settings) 

Weapon  ejection  velocity 

PROCESSING; 

Load  initial  parameter  values. 

OUTPUTS  (cs); 


Initial  present  position  latitude 

Initial  present  position  longitude 

Stored  offset  north 

Stored  offset  east 

Stored  offset  vertical 

Target  latitude 

Weapon  type 

Weapon  ejection  velocity 

COMMENTS; 


Parameter 

Source 

Update 

Xpo 

External 

cs 

Li-o 

External 

cs 

Kso(#l,#2,#3,#4,#5,#6) 

External 

cs 

Keo(#1,#2,#3,#4,#5,#6) 

External 

cs 

Kvo(#l,#2,#3,#4,#5,#6) 

External 

cs 

External 

cs 

Weapon  Type 

External 

cs 

External 

cs 

Parameter 

Destination 

Xp(t=0) 

2.4,  10.5 

Lp(t=0) 

2.4,  10.5 

(#U#2,#3,#4,#5,#6) 

2.1 

Keo  (#1,#2,#3,#4,#5,#6) 

2.1 

Kvo  {#U#2,#3,#4,#5,#6) 

2.1 

5.3 

Weapon  Type 

5.3 

Ve, 

5.3 

(a)  A  change  in  parameter  value  of  any  of  the  above  inputs  represents  the  start  of  a  new 
mission. 


(b)  Note  that  X,  Y,  Z  settings  are  pre-set  prior  to  commencement  of  flight  for  the  particular 
weapon  type  and  hence  for  the  particular  set  of  weapons  ballistics  equations. 
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ni.3  MODULE  1.2:  MISSION  PROFILE  OR  EVENT  DEPENDENT 
PARAMETERS 

PURPOSE: 

To  initialise,  at  the  beginning  of  each  omission  profile  or  event,  those  navigation  and 
weapon  delivery  parameters  determined  by  set  positions  of  switches  and  counters  which 
are  operator  selectable  during  flight. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Destination  latitude 

^00 

Operator 

cs 

Destination  longitude 

Lqo 

Operator 

cs 

Fixpoint  elevation 

Hf 

Operator 

cs 

Bomb  range  to  target 

Rb 

Operator 

cs 

Weapon  trail 

L 

Operator 

cs 

Weapon  time  of  fall 

Tf 

Operator 

cs 

Burst  altitude  above  target 

Hbacl 

Operator 

cs 

Number  of  weapons 

tlvv 

Operator 

cs 

Ripple  interval 

tw 

Operator 

cs 

Number  of  weapons  left 

Owl 

11.12,  Operator 

cs 

Release  switch  selected  (Binary) 

REL  SWT 

11.12,  Operator 

cs 

PROCESSING; 

Load  initial  parameter  values. 

OUTPUTS  (cs): 

Parameter 

Destination 

Destination  latitude 

^00 

2.5,  10.5 

Destination  longitude 

Lqo 

2.5,  10.5 

Fixpoint  elevation 

Hf 

3.2,  10.5 

Bomb  range  to  target 

Rb 

5.1 

Weapon  trail 

L 

5.2 

Weapon  time  of  fall 

Tf 

5.2 

Burst  altitude  above  target 

Hbacl 

5.3 

Number  of  weapons 

nyy 

5.3,  5.5 

Ripple  interval 

fw 

5.3 

Number  of  weapons  left 

5.5 

Release  switch  selected  (Binary) 

REL  SWT 

5.5 

COMMENTS; 

(a)  A  change  in  parameter  value  of  any  of  the  above  inputs  represents  the  start  of  a  new  event. 

(b)  Fixpoint  elevation  is  the  height  of  the  stored  target  above  sea  level. 
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ni.4  MODULE  1.3:  FLIGHT  DEPENDENT  PARAMETERS 

PURPOSE: 

To  define  the  operating  point  of  the  avionics  systems  at  the  start  of  each  event  for  those 
parameter  values  which  are  dependent  on  the  prior  history  of  flight. 


INPUTS  (cs): 

Parameter 

Source 

PT  pod  attitude  correction 

ALTRIM 

None 

Along  track  correction 

Ct 

None 

Cross  track  correction 

Q:t 

None 

Pressure  altitude  correction  term 

AHp 

None 

LARA  altitude  calibration  term 

He 

None 

PROCESSING; 

(a)  He  =  0 

(b)  Ct  =  Qt  =  0 

(c)  AHp  =  0 

(d)  ALTRIM  =  0 

OUTPUTS  (cs); 

Parameter 

Destination 

PT  pod  altitude  correction 

ALTRIM 

7.5 

Along  track  correction 

Ct 

6.3 

Cross  track  correction 

CcT 

6.3 

Pressure  altitude  correction  term 

AHp 

2.6 

LARA  altitude  calibration  term 

He 

3.2 

COMMENTS; 

(a)  Parameter  values  are  dependent  on  prior  history  of  flight. 

(b)  Parameter  values  are  reset  to  zero  prior  to  commencement  of  a  new  mission. 

(c)  During  a  navigation  update,  the  operator  correction  signals  are  resolved  into  along  track  and 
cross  track  components.  Along  track  correction  refers  to  that  component  along  the  ground  track 
to  the  target  and  cross  track  correction  is  the  component  in  the  ground  plane  orthogonal  to  this. 

(b)  Altrim  varies  as  a  function  of  operator  AIC  thumbtracker  movement  while  the  PT  pod  is  in 
track  mode.  Altrim  compensates  for  vertical  error  in  the  PT  pod  sightline  when  the  pod  is  in  this 
mode  and  the  laser  is  not  firing. 
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III.5  NiODULE  1.4:  FLIGHT  INDEPENDENT  PARAMETERS 

PURPOSE: 

To  define  the  operating  point  ot  the  avionics  systems  at  the  start  of  each  event  for  those 
parameters  which  are  independent  of  the  prior  history  of  flight  during  the  mission. 


INPUTS  (cs); 


Parameter 

Source  Update 

Inertial  velocity  north 

V:^ 

External  cs 

Inertial  velocity  east 

V.K 

External  cs 

Pressure  altitude  rate 

H, 

External  cs 

Calibrated  airspeed 

Vc 

External  cs 

Pressure  altitude 

Hp 

External  cs 

Radar  return  absolute  latitude 

^1‘1'ABS 

11.18  cs 

Radar  return  absolute  longitude 

LppABS 

11.18  cs 

Radar  return  latitude 

^SDRUL  : 

11.18  cs 

Radar  return  longitude 

Lrdrret 

11.18  cs 

PROCESSING: 

Input  all  parpmeters 

OUTPUTS  (cs): 

Parameter 

Destination 

Inertial  velocity  north 

V;,s 

2.2,  2.3,  10.5 

inertial  veocity  east 

V,E 

2.2,  2.3,  5.3,  10.5 

Pressure  altitude  rate 

H, 

4.1,  5.3,  10.5 

Calibrated  airspeed 

Vc 

5.4 

Pressure  altitude 

Hp 

2.6,  10.5 

Radar  return  absolute  latitude 

^PPABS 

6.2 

Radar  return  absolute  longitude 

LppABS 

6.2 

Radar  return  latitude 

^RDRRET 

6.1 

Radar  return  longitude 

Lrdrret 

6.1 

COMMENTS; 


(a)  Parameter  values  are  independent  of  the  prior  history  of  flight. 


III.6  MODULE  1.5:  MODE  IDENTIFIERS 

PURPOSE; 

To  initialise  the  status  of  switches  and  control  settings  which  are  operator  selectable  or 
adjustable,  and  which  affect  parameter  determination  during  flight. 
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I 


INPUTS  (Binary)  (cs): 


Parameter 

Source 

Update 

T 

SR  -1 

Navigation  or  weapon  delivery  mode 

1- 

BM  f- 

11.9 

cs 

(One  of) 

1 

J 

RB  1 

AB 

Offset  mode  selected 

1 

1 

OS 

OFFSET#!  -1 
OFFSET#!  1 

11.10 

cs 

Stored  offset  mode  selected 

1- 

OFFSET#3  h 

11.10 

cs 

(One  oO 

1 

1 

J 

OFFSET#4  1 
OFFSET#5  1 
OFFSET#6  -> 

Laser  firing 

LSRFIRE 

11.1,  11.3,  11.8 
11.10,  11.15 

cs 

Laser  armed 

LSR  ARM 

11.1,  11.3,  11.8 
11.10,  11.15 

cs 

Time  Laser  Fired 

LSR  TIME 

11.3 

cs 

Destination  (or  present  position)  selected 

PP/DEST 

11.7 

cs 

Dead-man  switch 

Cp 

see  notes 

cs 

Weapon  release 

Wr 

11.17 

cs 

PT  or  radar  prime 

1 

RDRPRM  1 

(One  of) 

1- 

h 

11.1 

cs 

J 

PTPRM  -1 

Cue  mode  status  indicator 

CueButton 

10.2,  11.8,  11.10 
11.14,  11.15 

11.16 

cs 

Pod  in  track 

PIT 

11.1,  11.8,11.10 
11.15 

cs 

Dead -man  switch  at  1/2  action 

1/2  ACTION 

11.1,  11.8,11.10 
11.14,  11.15 

cs 

PT  altitude  calibration 

PT  ALT  CAL 

11.4 

cs 

LARA  altitude  calibration 

AC 

11.6 

cs 

PT  pod  differential  sighting  selected 

R/T  LOS  SEL 

11.8 

cs 

Horizon  natural  selected  (Binary) 

HorNat 

11.13 

cs 

Pave  tack  pos  view  selected  (Binary) 

PV 

11.13 

cs 

PROCESSING: 


(a)  Set  default  values: 


LSR  ARM  =  0 

(ie 

LSR  FIRE  =  0 

(ie 

GREAT  CIRCLE 

=  0 

(ie 

VISUAL  CCIP  = 

0 

(ie 

SR  =  0 

(ie 

BM  =  1 

1 

RB  =  0 

h 

(ie 

AB  =  1 

J 

PP/DEST  =  1 

(ie 

OS  =  0 

(ie 

OFFSET#!  =  0 

(ie 

laser  is  not  armed) 
laser  is  rK>t  firing) 

TK)  Great  Circle  navigation) 

no  Visual  CCIP  selected) 

short  range  navigation  not  selected) 

auto  bomb  mode  currently  selected) 

for  destination  position  update) 
no  offsets  currently  selected) 

Offset  Aimpoint  No.  1  is  not  selected) 
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OFFSET#2  =  0 

(ie  Offset  Aimpoint  No.  2  is  not  selected) 

OFFSET#3  =  0 

(ie  Offset  Aimpoint  No.  3  is  not  selected) 

OFFSET#4  =  0 

(ie  Offset  Aimpoint  No.  4  is  not  selected) 

OFFSETS  =  0 

(ie  Offset  Aimpoint  No.  5  is  not  selected) 

OFFSET#6  =  0 

(ie  Offset  Aimpoint  No.  6  is  not  selected) 

Cp  =  0 

w*  =  o 

1 

(ie  no  position  updating  currently  under  way) 

h 

(ie  no  weapon  release) 

WPNST  =  0 

PT  PRM  =  1 

j 

(ie  PT  is  prime) 

RDR  PRM  =  0 

(ie  radar  is  not  prime) 

1/2  ACTION  =  0 

-| 

CueButton  -  1 

(ie  PT  pod  is  in  cue  mode) 

PIT  =  0 

MPT  =  0 

j 

(ie  PT  pod  is  ru)t  in  memory  point  track) 

PT  ALT  CAL  =  1 

T 

(ie  PT  altitude  calibration  selected) 

AC  =  0 

J 

R/T  LOS  SEL  =  0 
HorNat  =  1 

1 

(ie  PT  pod  differential  sighting  is  not  selected) 

h 

(ie  PT  pod  horizon  natural  mode  is  selected) 

PV  =  0 

J 

(b)  Determine  navigation  or  weapon  delivery  mode  (see  module  2.1) 

(c)  Determine  offset  mode  selected  (see  module  2.2) 

(d)  Determine  differential  sighting  mode 

(i)  If  differential  sighting  mode  is  not  selected,  then: 

R/T  LOS  SEL  =  0 

(ii)  If  differential  sighting  mode  is  selected,  then: 

R/T  LOS  SEL  =  1 

(e)  Determine  if  updates  apply  to  present  or  destination  position 

(i)  If  present  position  is  to  be  updated,  then: 

PP/DEST  =  0 

(ii)  If  destination  position  is  to  be  updated,  then: 

PP/DEST  =  1 

(0  Determme  PT  altitude  calibration  mode  selected: 

(i)  If  PT  HAT  fiKxle  is  selected,  then: 

PT  ALTCAL  =  0 
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(ii)  If  PT  altitude  calibration  mode  is  selected,  then: 

PT  ALT  CAL  =  1 

(g)  Determine  if  PT  or  radar  is  selected  prime 

(i)  If  radar  is  selected  prime,  then: 

PT  PRM  =  0 
RDR  PRM  =  1 

(ii)  If  PT  pod  is  selected  prime,  then: 

PTPRM  =  1 
RDR  PRM  =  0 

(h)  Determine  if  dead-man  switch  is  depressed  to  1/2  ACTION,  or  ACTION,  these  are  operator 
input  from  11.14  and  11.15 

(i)  If  dead-man  switch  is  not  depressed,  and  RDR  PRM  =  1,  then: 

Cp  =  0 

1/2  ACTION  =  0 
PIT  =  0 

(ii)  If  dead-man  switch  is  depressed  to  1/2  ACTION  (for  time  t^jc/  determined  in  11.18). 
and  RDR  PRM  =  1,  then; 

Cp  =  1  (for  time  Iajc) 

1/2  ACTION  =  1  (for  Hme  t^) 

PIT  =  0 

(iii)  If  dead-man  switch  is  depressed  to  ACTION,  and  RDR  PRM  =  1,  then  : 

Cp  =  0 

1/2  ACTION  =  0 
PIT  =  0 

(iv)  If  dead-man  switch  is  not  depressed,  arKl  PT  PRM  =  1,  then: 

Cp  =  0 

1/2  ACTION  =  0 
PIT  =  0 

(v)  If  dead-man  switch  is  depressed  to  1/2  ACTION,  and  PT  PRM  =  1,  then  : 

Cp  =  0 

1/2  ACTION  =  1 
PIT  =  0 

(i)  Determine  if  laser  is  firing  or  not 

(i)  If  laser  is  firing,  then: 
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LSRFIRE  =  1 

(ii)  If  laser  is  not  Bring,  then: 
LSRFIRE  =  0 


OUTPUTS  (Binary)  (cs): 


Bomb  mode  selected 
Range  bonU)  selected 
Auto  bomb  selected 

Destination  (or  present  position)  update  selected 

Offset  mode  selected 

Stored  offset  number  1  selected 

Stored  offset  number  2  selected 

Stored  offset  number  3  selected 

Stored  offset  number  4  selected 

Stored  offset  number  5  selected 

Stored  offset  number  6  selected 

PT  pod  differential  sighting  selected 

Dead-man  switch  selected 

Weapon  released 

Weapon  release  flag 

Cue  mode  status  indecator 

Pod  in  track 


Laser  firing 
Laser  arm^ 

Time  Laser  Fired 
PT  altitude  calibration  selected 
LARA  altitude  calibration  selected 
Pave  tack  is  primary 


Radar  is  primary 

Dead-man  switch  depressed  to  1/2  action 


Horizon  natural  selected  (Binary) 
Pave  tack  pos  view  selected  (Binary) 

COMMENTS: 


Parameter 

Destination 

BM 

4.1,  5.2,  5.5 

RB 

5.1,  5.2,  5.5 

AB 

4.1,  5.2,  53,  5.4,  53 

PP/DEST 

2.4,  23,  6.1,  6.2 

OS 

2.1,  10.5 

OFFSET#! 

2.1 

OFFSET#2 

2.1 

OFFSET#3 

2.1 

OFFSET#4 

2.1 

OFFSET#5 

2.1 

OFFSET#6 

2.1 

R/T  LOS  SEL 

4.1,  10.5,  11.10 

Cp 

2.4,  23,  63 

Wr 

4.1 

WPNST 

43 

CueButton 

7.2,  73,  103 

prr 

7.2,  7.3,  7.4,  73,  7.6,  83, 
10.1,  10.2,  103,  10.4,  113, 
11.15,  11.17 

LSRHRE 

7.5,  7.6, 113 

LSRARM 

113 

LSRTIME 

7.6 

PT  ALT  CAL 

9.1 

AC 

9.1 

PTPRM 

7.2,  73,  7.4,  73,  7.6,  10.1, 

10.2,  10.3,  10.4,  11.1,  113, 
11.4,  11.10,  11.15,  11.17 

RDR  PRM 

6.1,  6.2,  10.5,  11.1,  11.11, 
11.14, 11.18 

1/2  ACTION 

6.1,  6.2,  7.2,  73,  7.4,  7.5, 
7.6,  8.3,  10.1,  10.3,  10.4, 
11.14, 11.17,  11.18 

HorNat 

7.2,  7.3, 103, 10.4 

PV 

7.2,  7.3, 103, 10.4 

(a)  The  above  parameters  represent  the  states  of  switch  positions  as  a  result  of  operator  initiated 
actions  (with  the  exception  of  LSRFIRE,  Wg,  Cp,  and  MPT  which  have  automatic  or  manual 
select)  and  may  be  either  true  or  false.  Parametm  may  change  at  nmdom,  at  any  point  in  real 
time  due  to  operator  selection. 

(b)  States  PT  PRM  and  RDR  PRM  are  mutually  exclusive.  PT  prime  indicates  that  the  PT  display 
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occupies  the  primary  screen  on  the  VID.  Similarly  for  radar  prime. 

(c)  Modes  Range,  Trail  and  Autobontb  are  mutually  exclusive.  It  should  be  noted  that  Trail 
Bomb  mode  is  assumed  if  Range  and  Autobomb  modes  are  not  selected  (see  Module  5.2). 

(d)  Stored  offset  mode  may  otdy  be  selected  if  offset  mode  is  also  selected. 

(e)  LSRfIRE  may  be  set  true  or  false  either  from  external  operator  input,  or  automatically  if 
autolase  function  is  selected.  The  autolase  mechanisation  is  not  currently  implemented  in  this 
flight  model. 

(0  A  change  in  states  of  any  of  the  above  parameters  (except  Cp)  signifies  the  boundary  between 
two  events. 

(g)  The  dead  man  switch  may  be  set  true  either  from  external  operator  input,  or  automatically 
if  the  particular  requirements  are  met  for  PT  position  updating. 

(h)  Differential  sighting  is  the  process  where  the  radar  is  slave  to  a  stored  offset  aimpoint  while 
the  PT  pod  is  directed  to  the  stored  target  position. 


III.7  MODULE  1.6:  FLIGHT  DEPENDENT  PARAMETERS  (EXTERNAL 
INPUT) 

PURPOSE; 


To  define  parameter  values  during  each  event  for  those  parameters  whicli  change 
dynamically  during  flight,  and  hence  are  dependent  on  the  prior  history  of  flight. 


INPUTS  (cs); 

Parameter 

Source 

Update 

PT  pod  laser  slant  range 

Rsi 

10.6 

€40  Hz 

Inertial'tO'Sightline  transformation  matrix 

CSI 

7.2,7.2,10.3,10.4 

€40  Hz 

AlC  dead-man  switch  depression  time 

f/uc 

11.17 

cs 

WR  switch  depression  time 

W 

External 

cs 

Range  data  staleness 

SRsyNC 

External 

cs 

Velocity  data  staleness 

SVsYNc 

External 

cs 

PROCESSING; 

(a)  Input  Rjl 

(b)  Input  CSI 

(c)  Input  SRsmc 

(d)  Input  SVjync 

(e)  Input  t^ 

(0  Input  twii 
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OUTPUTS  (cs); 

Parameter 

Destination 

PT  pod  laser  slant  range 

Rs. 

7.6 

Inertial-to-sightline  transformation  matrix 

CSI 

7.3,  7.4,  7.5, 

AIC  dead-man  switch  depression  time 

*ak: 

2.4,  2.5,  6.1, 

VVR  switch  depression  time 

fws 

5.5 

Range  data  staleness 

SRsync 

7.1 

Velocity  data  staleness 

SVsync 

7.1 

7.6 

6.2 


COMMENTS: 

(a)  Parameter  values  are  dependent  on  prior  history  of  flight. 

(b)  CSI,  a  3x3  matrix,  identifies  the  direction  cosines  of  the  current  position  of  the  PT  pod 
sightline  with  respect  to  the  mertial  reference  frame. 

(c)  Range  and  data  staleness  represent  input  data  staleiress  incurred  due  to  the  difference  in 
main  loop  cycle  rate  of  the  PT  pod  with  respect  to  the  output  data  transmission  rate  of  the 
originating  subsystem. 

(d)  The  nominal  AIC  dead-man  switch  depression  time  is  0.5  s. 

(e)  Nominal  weapon  release  switch  depression  time  is  0.125  s. 
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ENTRY 

j 

V 
1.1 

INITIALISE  PRE-SET  PARAMETERS  (cs) 

I 

V 
1.2 

INITIALISE  MISSION  PRORLE  DEPENDENT  PARAMETERS  (cs) 

i 

V 

1.3 

INITIALISE  FLIGHT  DEPENDENT  PARAMETERS  (cs) 

1 

V 

1.4 

INITIALISE  FLIGHT  INDEPENDENT  PARAMETERS  (cs) 

I 

V 

1.5 

INITIALISE  MODE  IDENTIFIERS  (cs) 

1 

V 

1.6 

INPUT  FLIGHT  DYNAMIC  PARAMETERS  FROM  EXTERNAL  SOURCES  (cs) 

I 

V 

EXIT 


(  Figure  lll.l:  Sequence  of  events  for  initialisation  (module  1) 
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APPENDIX  IV 

FPTS:  NAVIGATION  (MODULE  2) 
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IV.l  INTRODUCTION 

The  events  associated  with  module  2  are  illustrated  in  Figure  IV.l.  Each  of  the  submodules  of 
this  event  sequence  is  detailed  below. 


IV.2  MODULE  2.1:  OFFSET  AIMPOINT  MODE  SELECTION 

PURPOSE: 

To  allow  operator  to  select  and  reselect  offset  aimpoint  mode  at  any  point  in  real  time 


INPUTS  (cs): 


Par  neter 


Source 


Update 


Offset  mode  selected 


Stored  offset  mode  selected 
(One  of) 


Stored  offset  north 
Stored  offset  east 
Stored  offset  vertical 


OS  1.5 

OFFSET#!  T 
OFFSET#2  I 

OFFSET#3  (-  1.5 

OFFSET#4  I 
GFFSET#5  1 
OFFSET#6  -I 

K;^o(»L#2,#?  #4,#5,#6)  1.1 

KEof#L>»2,#3,#4,#5,#6)  1.1 

Kvo(#l,#2,#3,#4,#5,#6)  1.1 


PROCESSING; 

Timing  reference  to; 

(a)  If  OS  =  0,  then  set; 

Kno  =  0 

Keo  =  0 
Kvo  =  0 

(b)  If  OS  =  1  and: 

(i)  If  OFFSET#!  =  1,  then  set: 

Kno  =  Ks.o  (#1) 

Keo  ~  ^EO 
Kvo  =  Kvo  (#1) 

(ii)  If  OFFSET#2  =  1,  then  set; 

K^jo  =  K^.o  (#2) 

Keo  =  Keo  (#2) 

Kvo  =  Kvo  («) 

(iii)  If  OFFSET#!  =  1,  then  set. 


Kno  =  K^o  (#3) 
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Kg,  =  K,,  i#3) 

KvO  =  {ff3) 

(iv)  It  OFFSET»4  =  1,  then  set: 


itt4) 

K,o  =  Kh, \#4) 

Kvq  =  Kvo  (tf4) 

(v)  If  OFFSET#5  =  1,  then  set; 

K,,.o  =  K.,0  (»5) 

Keo  =  Kej  (#5) 

Kvo  =  Kvo  (#5) 

(vi)  If  OFFSET#6  =  1,  then  set: 


Kso  =  K,..o  (#6) 

Keo  =  Keo  (#6) 

Kvo  =  Kvo  <#6) 

(c)IfOS  =  l,  OFFSET#!  =0, 
OFFSET#:  =  0, 
0FFSET#3  =  0, 
OFFSET#4  =  0, 
0FFSET#5  =  0  and 
0FFSET#6  =  0  then  set: 


Kno  =  0 
Keo  =  ^ 
Kvo  ”  0 


OUTPUTS  (cs): 


Offset  selected  (Binary) 
Stored  offset  north 
Stored  offset  east 
Stored  offset  vertical 
Offset  No.l  selected  (Binary) 
Offset  No.2  selected  (Binary) 
Offset  No.3  selected  (Binary) 
Offset  No.4  selected  (Binary) 
Offset  No.5  selected  (Binary) 
Offset  No.6  selected  (Binary) 

COMMENTS; 


Parameter 

Destination 

OS 

3.3,  4.! 

Kno 

3.3,  4,2,  !0.5,  !1.!8 

Keo 

3.3,  4.2,  !0.5,  !!.!8 

Kvo 

3.3,  4.2,  10.5 

OFFSET#! 

4.1 

OFFSET#2 

4.1 

OFFSET#3 

4.1 

OFFSET#4 

4.1 

OFFSET#5 

4.1 

OFFSET#6 

4.1 

(a)  Offset  mode  is  operator  selectable  during  flight. 

(b)  Change  of  parameter  value  during  flight  represents  the  start  of  a  new  event. 
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IV.3  MODULE  2.2:  SPEED  AND  GROUND  TRACK  DETERMINATION 

PURPOSE: 


To  determine  ground  spjeed  and  ground  track  for  navigation  purposes. 


INPUTS  (CS): 

Parameter 

Source  Update 

Inertial  velocity  north 

ViN 

1  4  cs 

Inertial  velocity  east 

V:e 

1.4  cs 

PROCESSING; 

Timing  reference 

(a)  Vs  =  V;s. 

(b)  Vh  =  V;e 

(c)  Vc  =  (V.E^  +  V,E^  ^ 

(d)  Gt  =  tan  "  (V,e/V,s) 

OUTPUTS  (cs); 

Parameter 

Destination 

North  velocity 

Vs 

2.4 

East  velocity 

Ve 

2.4 

Ground  speed 

Vc 

3.4,  4.1,  5.2,  5.3 

Ground  track 

0T 

2.3,  4.1,  6.1,  6.2,  6.3, 

COMMENTS: 

(a)  Parameters  are  computed  independent  of  prior  history  of  flight. 


IV.4  MODULE  2.3:  HEADING  AND  DRIFT  ANGLE  DETERMINATION 

PURPOSE: 


To  determine  aircraft  heading  and  drift  angle. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Inertial  velocity  north 

Vln- 

1  4 

cs 

Inertial  velocity  east 

V,E 

1.4 

cs 

Ground  track 

9t 

2.2 

cs 
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PROCESSING: 

Timing  reference  to: 

(a)  Plat  Az  =  tan'(VtE/V,v,) 

(b)  0H  =  Plat  Az 

(c)  5  =  0T  -  Plat  Az 


OUTPUTS  (cs): 


Aircraft  heading 
Aircraft  heading 
Drift  angle 

COMMENTS: 


Parameter 


Plat  Az 

®H 

s 


Destination 

4.1 

33,  5.5 
3.4 


(a)  Parameters  are  computed  independent  of  prior  history  of  flight. 


IV.5  MODULE  2.4:  AIRCRAFT  PRESENT  POSITION 

PURPOSE: 


To  determine  aircraft  present  position,  extrapolated  as  a  function  of  velocity  and  radar  fix 
magnitude,  for  navigation  purposes. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Present  position  latitude 

1.1 

cs 

Present  position  longitude 

Lpo 

1.1 

cs 

Velocity  north 

Vn 

2.2 

cs 

Velocity  east 

Ve 

2.2 

cs 

North  correction  signal 

Cn 

6.3 

cs 

East  correction  signal 

Q 

63 

cs 

Destination  (or  present  position)  selected  (Binary) 

PP/DEST 

1.5 

cs 

Dead-man  swit^  depressed  (Binary) 

Cp 

1.5,6.1 

6.2,8.8 

See 
note  a 

Dead-man  switch  depressed  duration 

f>uc 

1. 6,8.8 

See 
note  a 

PROCESSING: 

Timing  refererKe  tp: 

(a)  If  PP/DEST  =  1  or  Cp  =  0,  then  set: 
(i)  Cn  =  0 
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(u)  Q  =  0 


Otherwise: 


(b) 

(c) 


1  . 

K  • - 3  \V^dt  f  dt 

'  20.8%lxl0‘  po  J  s 


t-0 

t-t 


t-0 


OUTPUTS  (cs): 

Present  position  latitude 
Present  position  longitude 


Parameter 


COMMENTS: 


Destination 

3.1,  6.1,  6.2,  8.2 
3.1,  6.1,  6.2 


(a)  The  output  rate  from  module  8.8  is  16  Hz.  The  output  rate  from  ntodules  1.5, 1.6, 6.1  and  6.2 
can  be  taken  as  continuous. 

(b)  This  module  is  only  carried  out  if  PP/DEST equals  0  which  indicates  that  the  position  update 
is  applied  to  the  present  position  of  the  aircraft  and  not  the  stored  destination. 

(c)  Present  position  latitude  and  longitude  are  developed  from  inertial  velocities  integrated  over 
time  with  respect  to  initial  position  at  commeiKement  of  flight.  The  numerical  quantities  used 
in  equations  (b)  and  (c)  are  approximations  to  the  earth's  radius  (in  feet)  in  the  latitude  and 
longitudinal  directions. 

(d)  Correction  signals  are  integrated  for  period  t^io  measured  from  when  Cp  changes  from  0  to 
1  until  Cp  changes  back  to  0.  When  the  pod  is  in  track  mode  Cp  is  reset  to  0  immediately  after 
the  update  has  been  preformed. 


IV.6  MODULE  2.5:  AIRCRAFT  DESTINATION  POSITION 

PURPOSE: 

To  determine  aircraft  destination  position,  extrapolated  as  a  function  of  radar  fix 
magnitude,  for  navigation  purposes. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Present  position  latitude 

1.2 

cs 

Present  position  longitude 

Loo 

1.2 

cs 

North  correction  signal 

Cn 

63 

cs 

East  correction  signal 

Ce 

63 

cs 

Destination  (or  present  position)  selected  (Binary) 

PP/DEST 

IS 

cs 
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Dead-man  switch  depressed  (Sinary) 
Dead-man  switch  depressed  duration 
PRCXTESSING: 

Timing  reference 

(a)  If  PP/DEST  = 

(i)  Cn  =  0 

(ii)  Q  =  0 
Otherwise: 

‘  ~‘aic 

f»0 

^0  *  ^DC  *  j 
f-0 


ib) 

(C) 


0  or  Cp  =  0.  then  set; 


Cp 

1.5,  6.1 
6.2,  8.8 

See  note  a 

^AlC 

1.6,  8.8 

See  note  b 

*1 


OUTPUTS  (cs): 


Destination  position  latitude 
Destination  position  longitude 

COMMENTS: 


Parameter  Destination 

Xo  3.1,  11.18 

Lo  3.1,  11.18 


(a)  The  output  rate  from  module  8.8  is  16  Hz.  The  output  rate  from  modules  15, 6.1  and  6.2  can 
be  taken  as  continuous. 


(b)  The  output  rate  from  module  8.8  is  16  Hz.  The  output  rate  from  modules  1.6  can  be  taken 
as  continuous. 


(c)  This  nwdule  is  only  carried  out  if  PP/DEST  equals  1  which  indicates  that  the  position  update 
is  applied  to  the  mission  destination  or  target  and  iK>t  the  aircraft's  present  position. 

(d)  Correction  signals  are  integrated  for  period  tAs^  measured  from  when  Cp  changes  from  0  to 
1  until  Cp  changes  back  to  0.  When  the  pod  is  in  track  mode  Cp  is  reset  to  0  immediately  after 
the  update  has  been  preformed. 


IV.7  MODULE  2.6:  AIRCRAFT  PRESSURE  ALTITUDE 

PURPOSE; 

To  determine  aircraft  corrected  pressure  altitude  for  navigation  purposes. 
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c 


INPUTS  (cs): 

Pressure  altitude 

Pressure  altitude  calibration  term 

PROCESSING: 

Timing  reference  to; 

(a)  H'p  =  Hp  +  AHp 

OUTPUTS  (cs); 


Parameter 

Source 

Update 

Hp 

1.4 

cs 

AHp 

1.3,  9.5 

See  note  a 

Parameter  Destination 


Improved  pressure  altitude  H'p  3.2 

COMMENTS; 

(a)  The  output  rate  from  module  9.5  is  16  Hz.  The  output  rate  from  module  1.3  can  be  taken  as 
continuous. 

(b)  Pressure  altitude  calibration  term  is  initially  set  to  zero  prior  to  first  position  update. 

(c)  Parameter  value  is  dependent  on  prior  history  of  flight.  A  discrete  change  in  parameter 
value  represents  the  start  of  a  new  event. 
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ENTRY 

I 

V 

2.1 

DETERMINE  OFFSET  MODE  SELECTED  (cs) 

I 

V 

2.2 

DETERMINE  SPEED  AND  GROUND  TRACK  (cs) 

I 

V 
23 

DETERMINE  AIRCRAFT  HEADING  AND  DRIFT  ANGLE  (cs) 

1 

V 
2.4 

DETERMINE  PRESENT  POSITION  (cs) 

I 

V 
25 

DETERMINE  DESTINATION  POSITION  (cs) 

I 

V 
2.6 

DETERMINE  AIRCRAFT  PRESSURE  ALTITUDE  (cs) 

I 

V 

EXIT 


Figure  IV.l:  Sequence  of  events  for  navigation  processing  (module  2) 
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APPENDIX  V 

FPTS:  RADAR  SIGHTING  (MODULE  3) 
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V.l  INTRODUCTION 

The  events  associated  with  module  3  are  illustrated  in  Figure  V.l.  Each  of  the  submodules  of 
this  event  sequence  is  detailed  below. 

V.2  MODULE  3.1:  TARGET  POSITION 

PURPOSE: 


To  determine  the  range  to  the  target  for  navigation  purposes. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Destination  latitude 

2.5 

cs 

Destinahon  longitude 

Lo 

2.5 

cs 

Present  position  latitude 

Xp 

2.4 

cs 

Present  position  longitude 

Lp 

2.4 

cs 

PROCESSING: 


Timing  reference  t,; 

(a)  AX  —  Xq  *  Xp 

(b)  AL  ~  Lq  *•  Lp 

(c)  h,  =  {AL/2)  sinAL  cosXp  sinXo 

(d)  Rps  =  20.8961x10'’  (aX  -  h,) 

(e)  RpE  =  20.9667x10*'  (AL  cosXq) 

(f)  Rp  =  (Rp,v'  >  Rp^')‘'' 

OUTPUTS  (cs): 

Parameter  Destination 

Ground  range  to  target,  north  Rx^,  3.3,  5.5 

Ground  range  to  target,  east  Rte  3.3,  5.5 

Ground  range  to  target  Rx  5.5 

COMMENTS; 

(a)  Parameter  values  are  dependent  on  prior  history  of  flight.  A  discrete  change  in  parameter 
value  of  outputs  represents  the  start  of  a  new  event,  eg  due  to  selection  of  new  target  attitude 
and  longitude. 

(b)  The  numerical  quantities  used  in  equations  (d)  and  (e)  are  approximations  to  the  earth's 
radius  in  the  latitude  and  longitudinal  directions. 
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V.3  MODULE  3.2:  ALTITUDE  ABOVE  TARGET 

PURPOSE: 

To  determine  aircraft  height  above  target. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Improved  pressure  altitude 

H'p 

2.6 

cs 

LARA  altitude  correction  term 

He 

1.3 

cs 

Fixpoint  elevation 

Hp 

1.2 

cs 

PROCESSING: 


Timing  reference  U; 

(a)  He  =  H'p  -  (Hp  -  He) 

OUTPUTS  (cs): 

Parameter  Destination 

Alritude  above  target  H:  3.3,  3.6, 4.1,  5.3 

COMMENTS; 

(a)  The  value  of  He  is  dependent  on  prior  history  of  flight. 

(b)  A  discrete  change  in  H:  represents  the  start  of  a  new  event,  eg  due  to  selection  of  a  new 
target  fixpoint  elevation. 

(c)  The  initial  value  of  Hp'  is  set  to  Hp,  prior  to  first  PT  or  HAT  altitude  calibration  update. 


V.4  MODULE  3.3:  RADAR  SIGHTING  POINT 

PURPOSE: 

To  determine  aircraft  range  to  the  offset  sighting  point. 


INPUTS  (cs): 


Parameter 

Source 

Update 

Offset  selected  (Binary) 

OS 

2.1 

cs 

Stored  offset  north 

Kso 

2.1 

cs 

Stored  offset  east 

^EO 

2.1 

cs 

Stored  offset  vertical 

Kvo 

2.1 

cs 

Altitude  above  target 

He 

3.2 

cs 

Range  to  target  north 

Rtn 

3.1 

cs 

Range  to  target  east 

Rte 

3.1 

cs 

Aircraft  heading 

0H 

2.3 

cs 

UNCLASSIFIED 


98 


UNCLASSIFIED 


ERL'0656-RR 


PROCESSING: 

Timing  reference  to; 

(a)  OS  =  0  then  set: 

Kss  =  0 
Kes  =  0 
AH  =  0 

(b)  If  OS  =  1,  then  set: 

I^NS  ~  I^NO 
=  ^£0 
AH  =  Kvo 

(c)  If  OS  =  0,  then  set: 

Rcn  =  Rtn 
Rce  =  Rte 

(d)  If  OS  =  1,  then  set: 

(*)  RcN  =  RiN  *  ^NS 
(*•)  Rce  ~  Rte  *  ^Es 

(e)  Rc  =  (Rcn^  Rce^)'^^ 

(0  ®F  “  f^n  '(Rge/Rgn) 

(g)  If  OS  =  0,  then  set: 

Rs  =  I-Hc^  Rc'J'^^ 

(h)  If  OS  =  1,  then  set: 

Rs  =  [(-He  +  A„)'  +  Rc1‘'' 

(i)  0,  ©E  -  0H 

OUTPUTS  (cs): 

Parameter  Destination 

Slant  range  to  radar  sighting  point  R,  3.4 

Fixpoint  relative  bearing  0,  3.5 

COMMENTS: 

(a)  Parameter  values  are  dependent  on  prior  history  of  flight. 

(b)  A  discrete  change  in  any  parameter  value  represents  the  start  of  a  new  event,  eg  selection 
of  a  rtew  target  or  offset  aimpoint. 
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V.5  MODULE  3.4:  INPUT  PROCESSING  FOR  LAYING  OF  RADAR 
CURSOR  (@32  Hz) 

PURPOSE: 

To  sample  input  parameters  used  in  the  positioning  of  the  radar  cursor. 


INPUTS  (@32  Hz): 


Slant  range 
Groundspeed 
Drift  angle 

PROCESSING: 

Timing  reference  t,: 

(a)  Input  R5 

(b)  Input  Vc 
(c>  Input  5 
OUTPUTS  («832  Hz): 


Parameter 


Source  Update 


Parameter 


Destination 


Sampled  slant  range 
Sampled  groundspeed 
Sampled  drift  angle 


3.6,  4.4 
3.6,  4.4 
3.6 


V.6  MODULE  3.5;  INPUT  PROCESSING  FOR  LAYING  OF  RADAR 
CURSOR  (@16  Hz) 

PURPOSE: 

To  sample  input  parameters  used  in  the  positioning  of  the  radar  cursor. 


INPUTS  (016  Hz); 


Parameter 


Source  Update 


Fixpoint  relative  bearing 
PROCESSING: 


Tinning  reference  tj: 
(a)  Input  8, 
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OUTPUTS  (016  Hz): 


Parameter  Destination 


Sampled  fixpoint  relative  bearing  6b  3.6,  3.7 


V.7  MODULE  3.6:  COMPUTATIONS  FOR  LAYING  OF  RADAR  CURSOR 
(@32  Hz) 

PURPOSE: 

To  determine  slant  range  to  the  radar  fixpoint,  as  required  for  radar  range  cursor  laying. 


INPUTS  (032  Hz): 


Parameter 

Source 

Update 

Sampled  slant  range 

Rs(t,) 

3.4 

@32  Hz 

Sampled  groundspeed 

Vc(t,) 

3.4 

@32  Hz 

Sampled  drift  angle 

S(t,) 

3.4 

@32  Hz 

Sampled  fixpoint  relative  bearing 

eB(t2) 

3.5 

@16  Hz 

Altitude  above  target 

He 

3.2 

cs 

PROCESSING: 


Timing  reference  t3: 

(a)  Rj,  =  R5  -  0.0255  Vq  cos(6b  -  8) 

(b)  If  Rs,  <  He  then  R*,  =  He 

(c)  R*  =  Rji 
OUTPUTS  (032  Hz): 


Corrected  slant  range 
Radar  slant  range 

(a)  The  second  term  in  equation  (a)  represents  an  empirical  adjustment  to  the  sampled  stant 
range,  this  is  done  to  correct  for  errors  caused  by  time  delays  resulting  from  the  discrete  nature 
of  the  system.  Figure  V.2  shows  die  effect  of  this  on  the  north  range  that  is  passed  to 
module  7.1.  From  the  figure  it  can  be  seen  that  the  correction  results  in  the  range  being  passed 
lying  on  eidier  side  of  the  perdse  range,  thus  minimising  the  overall  effect  of  the  discrete  time 
delays. 


Parameter  Destinatior 

Rs,  4.4, 83 

R*  3.8,  11.18 


V.8  MODULE  3.7:  COMPUTATIONS  FOR  RADAR  CURSOR  LAYING 
(916  Hz) 

PURPOSE: 

To  determine  fixpoint  relative  bearing  to  the  radar  fixpoint,  for  radar  azimuth  cursor 
laying. 


UNCLASSIFIED 


101 


ERL-0656>RR 


UNCLASSIFIED 


INPUTS  (016  Hz): 

Sampled  fixpoint  relative  bearing 
PRCXIESSING: 


Parameter  Source  Update 

0,(tj)  33  @16  Hz 


Timing  reference  t^: 

(a)  6br  =  0B 
OUTPUTS  (016  Hz): 

Parameter  Destination 

Radar  fixpoint  relative  bearing  0gg  3.9,11.18 

V.9  MODULE  3.8;  OUTPUT  PROCESSING  FOR  RADAR  CURSOR  LAYING 
(@32  Hz) 

PURPOSE: 


To  output  slant  range  to  the  radar  for  radar  range  cursor  laying. 


INPUTS  (032  Hz): 

Parameter 

Source 

Radar  slant  range 

8«(fj) 

3.6 

PROCESSING: 

Timing  reference  tj: 

(a)  ARSRS  =  Rsr 

OUTPUTS  (032  Hz): 

Parameter 

Destination 

Radar  slant  range 

ARSRS 

External 

Update 
@32  Hz 


V.IO  MODULE  3.9;  OUTPUT  PROCESSING  FOR  RADAR  CURSOR 
LAYING  (die  Hz) 

PURPOSE: 

To  output  fixpoint  relative  bearing  to  the  radar  for  radar  cursor  laying. 

INPUTS  (016  Hz): 

Parameter  Source  Update 
Radar  fixpoint  relative  bearing  9n((t4)  3.7  @16  Hz 
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<  PROCESSING; 

Timing  reference 
(a)  ARSRB  =  0g* 

OUTPUTS  (@16  Hz): 

Parameter 

Radar  fixpoint  relative  bearing  ARSRB 
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ENTRY 

I 

V 

3.1 

DETERMINE  TARGET  POSITION  (cs) 

I 

V 

3.2 

DETERMINE  ALTITUDE  ABOVE  TARGET  (cs) 

I 

V 
3.1 

DETERMINE  RADAR  SIGHTING  POINT  (cs) 

I 

V 
3.4 

PROCESS  INPUT  FOR  RADAR  CURSOR  LAYING  (@32  Hz) 

I 

V 
35 

PROCESS  INPUT  FOR  RADAR  CURSOR  LAYING  (@16  Hz) 

I 

V 

3.6 

PERFORM  COMPUTATIONS  FOR  RADAR  CURSOR  LAYING  (@32  Hz) 

I 

V 

3.7 

PERFORM  COMPUTATIONS  FOR  RADAR  CURSOR  LAYING  (@16  Hz) 

I 

V 
35 

PROCESS  OUTPUT  FOR  RADAR  CURSOR  LAYING  (@32  Hz) 

I 

V 
3.9 

PROCESS  OUTPUT  FOR  RADAR  CURSOR  LAYING  (@16  Hz) 

I 

V 

EXIT 


Figure  V.l:  Sequence  of  events  for  radar  sighting  (module  3) 
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APPENDIX  VI 

FPTS:  PAVE  TACK  POD  SIGHTING  (MODULE  4) 
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VI.l  INTRODUCTION 

The  events  associated  with  module  4  are  illustrated  in  Figure  VI.  1.  Each  of  the  submodules  of 
this  event  sequence  is  detailed  below. 


VI.2  MODULE  4.1:  INPUT  PROCESSING  FOR  PT  POD  SIGHTING  (@32  Hz) 

PURPOSE: 


To  sample  input  parameters  used  in  the  sighting  of  the  PT  pod. 


INPUTS  (@32  Hz): 

Parameter 

Source 

Update 

Altitude  above  target 

He 

3.2 

cs 

Improved  pressure  altitude  rate 

H, 

1.4 

cs 

Croundspeed 

Vc 

2.2 

cs 

Croundspeed  times  time  of  fall 

VcTp, 

5.4 

cs 

Ground  track 

Qt 

2.2 

cs 

Platform  azimuth 

Plat  Az 

1.4 

cs 

Offset  selected  (Binary) 

OS 

2.1 

cs 

Differential  sighting  selected  (Binary) 

R/T  LOS  SEL 

1.5 

cs 

Offset  no.  1  selected  (Binary) 

OFFSET#! 

2.1 

cs 

Offset  no.  2  selected  (Binary) 

OFFSET#2 

2.1 

cs 

Offset  no.  3  selected  (Binary) 

OFFSET#3 

2.1 

cs 

Offset  no.  4  selected  (Binary) 

OFFSET#4 

2.1 

cs 

Offset  no.  5  selected  (Binary) 

OFFSET#5 

2.1 

cs 

Offset  no.  6  selected  (Binary) 

OFFSET#6 

2.1 

cs 

Weapon  released  (Binary) 

Wk 

1.5,  5.5 

cs 

Bomb  mode  (Binary) 

BM 

1.5 

cs 

Auto  bomb  mode  (Binary) 

AB 

1.5 

cs 

PROCESSING: 

Timing  reference  t,: 

(a)  Input  He 

(b)  Input  H, 

(c)  Input  Vc 

(d)  Input  VcTp, 

(e)  Input  9t 

(0  Input  Plat  Az 

(g)  Input  OS 

(h)  Input  R/T  LOS  SEL 
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(i)  Input  OFFSET#! 

(j)  Input  OFFSET#2 

(k)  Input  OFFSET#3 

(l)  Input  OFFSET#4 

(m)  Input  OFFSET#5 

(n)  Input  OFFSET#6 

(o)  Input  Wr 

(p)  Input  BM 

(q)  Input  AB 


OUTPUTS  (@32  Hz): 


Parameter 

Destination 

Altitude  above  target 

Hc(t,) 

4.3,  4.4,  4.5,  8.3 

Improved  pressure  altitude  rate 

H,(t,) 

4.3,  4.4,  4.5,  8.3 

Groundspeed 

Vcd.) 

4.3,  8.3 

Groundspeed  times  time  of  fall 

VcTF,(t,) 

4.3 

Ground  track 

exit,) 

4.3,  4.4,  8.3,  8.6 

Platform  azimuth 

Plat  Az(t,) 

4.4 

Offset  selected  (Binary) 

OS(t,) 

4.6 

Differential  sighting  selected  (Binary) 

R/T  LOS  SEL(t,) 

4.6 

Offset  no.  1  selected  (Binary) 

OFFSET#l(t,) 

4.6 

Offset  no.  2  selected  (Binary) 

OFFSET#2(t,) 

4.6 

Offset  no.  3  selected  (Binary) 

OFFSET#3(t,) 

4.6 

Offset  no.  4  selected  (Binary) 

OFFSET#4(t,) 

4.6 

Offset  no.  5  selected  (Binary) 

OFFSET#5(t,) 

4.6 

Offset  no.  6  selected  (Binary) 

OFFSET#6(t,) 

4.6 

Weapon  released  (Binary) 

WR(t,) 

4.3 

Bomb  mode  (Binary) 

BM(t,) 

4.3,  4.5,  9.4 

Auto  bomb  mode  (Binary) 

AB{t,) 

4.3,  9.4 

VI.3  MODULE  4.2;  INPUT  PROCESSING  FOR  PT  POD  SIGHTING  (@4  Hr) 

PURPOSE: 

To  sample  input  parameters  used  in  the  sighting  of  the  PT  pod. 


INPUTS  (®4  Hz): 

Parameter 

Source 

Update 

Stored  offset  north 

Kso 

2.1 

cs 

Stored  offset  east 

Keo 

2.1 

cs 

Stored  offset  vertical 

Kvo 

2.1 

cs 
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PROCESSING: 
Timing  reference 

(a)  Input 

(b)  Input  K£u 


(c)  Input  Kvo 


OUTPUTS  (@4  Hz): 

Parameter 

Destination 

Sampled  stored  offset  north 

4.6 

Sampled  stored  offset  east 

KEo(t») 

4.6 

Sampled  stored  offset  vertical 

Kvo(t,) 

4.6 

VI.4  MODULE  4.3:  COMPUTATIONS  FOR  SIGHTING  OF  PT  POD  (@32  Hz) 

PURPOSE: 


To  conduct  computations  required  to  position  PT  pod  sightline. 


INPUTS  (@32  Hz): 

Parameter 

Source 

Update 

Altitude  above  target 

Hcd,) 

4.1 

@32  Hz 

Improved  pressure  altitude  rate 

H.(t,) 

4.1 

@32  Hz 

Groundsp^ 

Vc(t,) 

4.1 

@32  Hz 

Groundspeed  times  time  of  fall 

VcTnd.) 

4.1 

@32  Hz 

Ground  track 

er(t,) 

4.1 

@32  Hz 

Weapon  released  (Binary) 

WH(t.) 

4.1 

@32  Hz 

Weapon  release  flag 

WPNST(nj2-l) 

1.5,  4.3 

See  note  (a) 

Countdown  in  progress  flag 

CDIP(n,) 

4.3,  4.5 

See  note  (b) 

Bomb  mode  (Binary) 

BM(t,) 

4.1 

@32  Hz 

Autobomb  mode  (Binary) 

AB(t,) 

4.1 

@32  Hz 

PROCESSING: 
Timing  reference  tj: 

(a)  H  Cl  =  He 

(b)  He,  =  H’e,  ^  H, 

(c)  Vx,  =  Ve  sinGj 

(d)  Vyi  =  Ve  cosftr 


(e)  Vz,  =  -H, 

(f)  Vxp  =  Vx, 
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^8^  ^  Y?  ~  ^  Y1 

(h)  V,.,  =  V,, 

(i)  It  BM  =  1  and  AB  =  1,  and  VVPNSTln^-l)  =  0  and  VVu  =  0,  then  set: 

ti)  VVI’NST  tn,,)  =  0 
(it)  FTFG  =  0 
(iii)  CDIP  =  0 

(j)  If  BM  =  1,  and  AB  =  1,  and  WPNST{n,2-l)  =  0  and  Wg  =  1,  then  set; 

(i)  VVPN'SKnjj)  =  1 

(ii)  FTFG  =  0 

(iii)  CDIP  =  0 

(k)  If  BM  =  1,  and  AB  =  1,  and  VVPNSKnjj-l)  =  1  and  Wg  =  0,  then  set: 

(i)  WPNST  =  0 

(ii)  FTFG  =  0 

(iii)  CDIP  =  0 

(l)  If  BM  =  1,  and  AB  =  1,  and  VVPN'STInjj-l)  =  1  and  Wg  =  1,  then  set; 

(i)  WPNSTinjj)  =  2 

(ii)  V(;Tp5  =  V  cTfi 

(iii)  Vqs  =  Vq 

(iv)  CDIP  =  1 
(V)  FTFG  =  1 

(m)  If  BM  =  1,  and  AB  =  1,  and  WPNST(n3j-l)  =  2,  then: 

(i)  If  Wg  =  0  and  CDIP  =  0  then  set; 

WPNST(n,j)  =  0 

(ii)  Otherwise  set; 

WPNSTfnjj)  =  2 
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OUTPUTS  (832  Hz): 


Parameter 

Destination 

Corrected  altitude  above  target 

Hci 

4.4 

X  velocity 

Vxp 

4.7 

Y  velocity 

4.7 

Z  velocity 

VzP 

4.7 

Countdown  in  progress 

CDIP 

4.3,  4.5 

Weapon  release  flag 

WPNSTfnjj) 

4.3 

First  time  flag 

FTFG 

4.5 

Sampled  groundspeed  times  time  of  fall 

VcTps 

43 

Sampled  groundspeed 

Ves 

43 

COMMENTS: 

(a)  Inputs  from  module  can  be  considered  to  be  continuously  updated  whilst  parameters 
from  nKxlule  4.3  itself  are  output  at  a  rate  of  32  Hz. 

(b)  Inputs  from  module  4.5  are  updated  at  8  Hz,  parameters  from  module  4.3  itself  are  output 
at  a  rate  of  32  Hz. 

(c)  Weapon  release  signal  duration  is  assumed  to  be  less  than  computed  value  of  weapon  time 
of  fall. 

(d)  Wr  must  be  set  true  for  two  successive  rate  group  cycles  before  V^Tf,  may  be  sampled. 

(e)  CDIP  is  set  true  in  this  module  if  W,  is  true  for  two  successive  cycles  of  this  rate  group  and 
is  reset  to  zero  in  the  8  Hz  rate  group  of  module  43. 

(0  The  use  of  N,  in  equation  (b)  to  calculate  He  is  an  empirical  adjustment  which  takes  into 
account  the  phisical  nature  of  the  pressure  altimeter.  This  was  left  in  the  equations  for  the 
simulation  for  completeness. 


VI,5  MODULE  4.4;  COMPUTATIONS  FOR  SIGHTING  OF  FT  POD  (@16  Hz) 


PURPOSE: 

To  conduct  computations  required  to  position  PT  pod  sightline. 


INPUTS  (816  Hz): 


Altitude  above  target 
Corrected  altitude  above  target 
Groundspeed 
Slant  range 

Normalised  stored  offeet  rwrth 
Normalised  stored  off^  east 
Normalised  stored  offset  vertical 
Offset  selected  (Binary) 

Differential  sighting  selected  (Binary) 
Aircraft  heading 


Parameter 

Source 

Update 

Hc(t,) 

4.1 

632  Hz 

Hc(t,) 

43 

@32  Hz 

Vc(t,) 

3.4 

@32  Hz 

Rs(t,) 

3.4 

@32  Hz 

KnsCW 

4.6 

@4  Hz 

KojClio) 

4.6 

@4  Hz 

Kv:(W 

4.6 

@4  Hz 

OS(t,o) 

4.6 

@4  Hz 

R/T  LOS  SEL(t,o)  4.6 

@4  Hz 

Plat  Az  (ti) 

4.1 

@32  Hz 
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Ground  track 

Sift,) 

4.1 

932  Hz 

Slant  range 

Rsify 

3.6 

@32  Hz 

X  aimpoint  range 

Rxi(Ou*l) 

4.4 

@16  Hz 

Y  aimpoint  range 

RYl(*'t*  *1) 

4.4 

@16  Hz 

Z  aimpoint  range 

Ra(*'i«*l) 

4.4 

@16  Hz 

Improved  pressure  altitude  rate 

rti(t,) 

4.1 

@32  Hz 

PROCESSING; 

Timing  reference  t*: 

(3)  H  Cl  =  He 

(b)  0F(g  =  0T  +  Plat  Az 

(c)  (i)  If  OS  =  0,  then  set; 

Rc  =  [Rsi'  -  (H'ci)l’'' 

(ii)  If  OS  =  1.  and  R/T  LOS  SEL  =  0  then  set: 

Rc  =  [Rsi'  -  (H'c,  +  KvjT 

(iii)  If  OS  =  1.  and  R/T  LOS  SEL  =  1  then  set: 

Rc  =  [Rs.'  -  (H'ci)'] 

(d)  Rxo  “  Rc  sin0p 

(e)  Ryo  =  Rc  COS0F 

(0  Rzo  *  Hci  f  2.39x10*  [Rxo'  +  Ryol 
(g)  (i)  If  OS  =  0,  then  set 

Rxiff^)  =  Rxo 


RyiCt*)  =  Ryo 


Ra(L)  *  Rzb 


(ii)  If  OS  =  1,  and  R/T  LOS  SEL  =  0  then  set: 
Rxi(D  =  Rxo 
RYi(t4)  =  Ryo 


Ra(f«)  “  Rzo  ■  Kv2 

(iii)  If  OS  =  1,  and  R/T  LOS  SEL  =  1  then  set: 


Rxi(f«)  -  Rxo  +  Kesi 
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Rzi(t»)  =  Rzo 


(h)  R„(n,J  =  Rx,{n„  -  1)  ^  1/16  fR„(t*)  -  Rx,(n,*  -  1)]  -  0.05859375  sinG^ 

(i)  RYi(n,&)  =  RYi(n,s  -  1)  +  1/16  (RY,(t«)  -  R„(n,*  -  1)1  -  0.05859375  Vc  cosGt 

(j)  Rzi(n,J  =  R2,(n,,-1)+1/16  ^R2l(t,^Rzl(n,*-l)J  -  0.05859375(H,) 


(1)  Rxp  -  RxiCoii) 


(m)  Ryp  =  RYi(nis) 

(n)  Rzp  =  Rzi(n^4) 


(o)  GF{n,*)  =  0^(14) 


OUTPUTS  (@16  Hz): 


Parameter 

IDestination 

Fixpoint  true  bearing 

83 

X  aimpoint  range 

RxiC*'!*) 

4.4 

Y  aimpoint  range 

RYi(nit) 

4.4 

Z  aimpoint  range 

R2j(*'i4) 

4.4 

X  aimpoint  range 

Rxp 

4.8,  85 

Y  aimpoint  range 

Ryp 

4.8,  85 

Z  aimpoint  range 

Rzp 

4.8,  85 

Ground  range 

Rc 

83 

COMMENTS: 

(a)  The  numerical  quantity  used  in  equations  (f)  and  (k)  compensates  for  the  curvature  of  the 
earth  between  the  aircraft  and  aimpoint  The  units  of  this  quantity  are  ft 

VI.6  MODULE  4.5;  COMPUTATIONS  FOR  SIGHTING  OF  PT  POD  (@8  Hz) 

PURPOSE: 

To  conduct  computations  required  to  position  PT  pod  sightline. 


INPUTS  (@8  Hz): 

Parameter 

Source 

Update 

Altitude  above  target 

Hc(t,) 

4.1 

@32  Hz 

Groundspeed  times  time  of  fall 

VcT„(t3) 

43 

@32  Hz 

Groundspeed 

Vcs(t,) 

43 

@32  Hz 

Bomb  m^e  (Binary) 

BM(t,) 

4.1 

@32  Hz 

Count  down  in  progress 

CDIP(t,) 

43,45 

@32  Hz 

First  time  flag 

FTFG 

43,45 

See  note  (a) 

Improved  pressure  altitude  rate 

rt,(t,) 

4.1 

@32  Hz 

Time  to  impact 

T,(n,-1) 

45 

@8  Hz 
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PROCESSING; 

Timing  ref«'0K;e  t,: 

(a)  If  FTFG  *  1,  then: 

(i)  FTFG  =  0 

(ii)  If  Hi  >  0  then  set: 

Tfi  =  VcTps/Vcs  -  65xia*  VgT„  H,/Vcs  +  1.25x10^ 

(iii)  If  H,  S  0  then  set: 

Tf,  =  VcTb/Vgs  +  1.25x10“* 

(iv)  T,(n,)  =  8  Tn 
Otherwise: 

(i)  T,(n,)  =  T,(n,  - 1)  - 1 

(ii)  If  T,(n*)  =  0  then  set; 

CDIP  =  0 

(iii)  If  Ti(n,)  >  0  then  set: 

CDIP  =  1 


(b)  (i)  If  BM  =  1  or  if  CDIP  =  1  then  set: 

WDIP  =  1 
Otherwise  set: 

WDIP  =  0 

Destination 
45 

43,45 
45 
4.9 

COMMENTS: 


OUTPUTS  (98  Hz): 


Parameter 


Time  to  impact 
Count  down  in  progress 
First  time  flag 

Weapon  delivery  in  progress  (Binary) 


T,(rv) 

CDIP 

FTFG 

WDIP 


(a)  Input  from  module  43  is  updated  at  32  Hz;  parameters  from  module  45  itself  are  output  at 
a  rate  of  8  Hz. 
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(b)  FTFG  is  set  when  the  initial  time  of  fall  value  is  computed,  and  is  reset  to  zero  after  time  to 
impact  commences  counting  down  towards  zero. 

(c)  CDIP  flag  IS  set  when  initial  time  of  fall  value  is  computed,  and  is  reset  when  tin^e  to  impact 
has  counted  down  to  zero. 

(d)  Initial  value  of  time  of  fall  is  computed  in  seconds,  and  is  decremented  in  0.125  s  increments 
towards  zero. 


VI.7  MODULE  4.6:  COMPUTATIONS  FOR  SIGHTING  OF  PT  POD  (4  Hz) 

PURPOSE: 

To  conduct  computations  required  to  position  PT  p)od  sightline. 


INPUTS  (04  Hz): 


Parameter 

Source 

Update 

Stored  offset  north 

4.6 

@4  Hz 

Stored  offset  east 

l^ESl('^4  * 

4.6 

@4  Hz 

Stored  offset  vertical 

Kv,(n4-  1) 

4.6 

@4  Hz 

Stored  offset  north 

4.2 

@4  Hz 

Stored  offset  east 

KeoII*) 

4.2 

@4  Hz 

Stored  offset  vertical 

4.2 

@4  Hz 

Offset  selected  (Binary) 

OS(t,) 

4.1 

@32  Hz 

Differential  sighting  selected  (Binary) 

R/T  LOS  SEL(t,) 

4.1 

@32  Hz 

Offset  No.  1  Selected  (Binary) 

OFFSET#!  (t,) 

4.1 

@32  Hz 

Offset  No.  2  Selected  (Binary) 

OFFSET#2(t,) 

4.1 

@32  Hz 

Offset  No.  3  Selected  (Binary) 

OFFSET#3(t,) 

4.1 

@32  Hz 

Offset  No.  4  Selected  (Binary) 

OFFSET#4(t,) 

4.1 

@32  Hz 

Offset  No.  5  Selected  (Binary) 

OFFSET#5(t,) 

4.1 

@32  Hz 

Offset  No.  6  Selected  (Binary) 

OFFSET#6(t,) 

4.1 

@32  Hz 

PROCESSING: 

Timing  reference  t,o: 

(a)  K^5i(n4)  —  l^No 

(b)  K^(n4)  =  Kgo 

(c)  Kv5j(n4)  =  Kvo 

(d)  OS(n4)  =  OS(t,) 

(e)  R/T  LOS  SEL(n4)  =  R/T  LOS  SEL  (t,) 

(f)  If  either  OS(n4)  has  changed  state  from  1  to  0  since  last  sample,  or. 

If  OS(n4)  has  changed  state  from  0  to  1  since  last  sample,  or 

If  OS(n4)  =  1,  and  (i)  OFFSET#n  (n  =1 ,6)  has  changed  from  0  to  1  since  last  sample, 
or 
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or 


(ii)  OFFSET#n  (n  =  1,6)  has  changed  state  from  1  to  0  since  last  sample. 


or 


If  OStn*)  =  1,  and  (i)  R/T  LOS  SELln^)  has  changed  state  from  0  to  1  since  last  sample, 
(ii)  R/T  LOS  SELln^)  has  changed  state  from  1  to  0  since  last  sample. 


then  set: 

OAPCHANGE  =  1 
Otherwise  set: 

OAPCHANGE  =  0 
(g)  If  OAPCHANGE  =  0,  then  set: 

(i)  K^sj  =  Kvsiln,)  =  K^s,(n«  -  1)  +  1/8  (Kvo(t«)  -  Kvs,(n«  -D) 

(ii)  Kgsj  -  ~  l^Esilt'4  ■  1)  +  1/8  (KgoCtj)  -  K£5i(n4-  1)1 

(iii)  K,;  =  Kv,(n4)  =  Kv,(n4  -  1)  +  1/8  [Kvo(t,)  -  Kv,(n4  -  D] 


(h)  If  OAPCHANGE  =  1,  then  set: 

(i)  K^52  ~  l^NSl^tl4) 

(ii)  Kes2  “ 

(iii)  Kv2  “  Kvj(n4) 


OUTPUTS  m  Hz): 


Parameter 

Destination 

Normalised  stored  offset  north 

Kss2(n4) 

4.4 

Normalised  stored  offset  east 

^ES2^t>4) 

4.4 

Normalised  stored  offset  vertical 

Kv2(n4) 

4.4 

Stored  offset  north 

4.6 

Stored  offset  east 

Kesi^*'4) 

4.6 

Stored  offset  vertical 

Kv,(n4) 

4.6 

Offset  selected  (Binary) 

OS(n4) 

4.4 

Differential  sighting  selected  (Biirary) 

R/T  LOS  SEL(n4) 

4.4 

COMMENTS: 

(a)  If  a  different  stored  offset  is  selected,  the  initial  value  of  the  normalised  stored  offset  is  set 
equal  to  the  first  sampled  value. 
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VI.8  MODULE  4.7:  PROCESS  OUTPUT  FOR  PT  POD  SIGHTING  (®32  Hz) 

PURPOSE: 


To  output  aircraft  X,  Y,  Z  velocities  to  the  PT  pod  for  sightline  positioning. 
INPUTS  (@32  Hz); 


Parameter 

Source 

Update 

X  velocity 

^XP 

4.3 

@32  Hz 

Y  velocity 

Vyp 

4.3 

@32  Hz 

Z  velocity 

V^p 

4.3 

@32  Hz 

PROCESSING: 
Timing  reference  ts: 

(a)  V)(p(t;)  =  Vxp 

(b)  Vypits)  =  Vyp 
(C)  V„(t;)  =  V^p 
OUTPUTS  (@32  Hz): 


Parameter 

Destination 

X  velocity 

Vxpits) 

7.1 

Y  velocity 

VYp(ts) 

7.1 

Z  velocity 

^ZP^fs) 

7.1 

VI.9  MODULE  4.8:  PROCESS  OUTPUT  FOR  PT  POD  SIGHTING  (®16  Hz) 

PURPOSE: 


To  output  X,  Y,  Z  aimpoint  ranges  to  the  PT  pod  for  cursor  positioning. 
INPUTS  (@16  Hz): 


Parameter 

Source 

Update 

X  aimpoint  range 

Rxp 

4.4 

@16  Hz 

Y  aimpoint  range 

Ryp 

4.4 

@16  Hz 

Z  aimpoint  range 

Rzp 

4.4 

@16  Hz 

PROCESSING; 
Timing  reference  iy 

(a)  Rxpit;)  =  Rxp 

(b)  RypCtj)  =  Ryp 
(C)  R^plts)  —  Rjrp 
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OUTPUTS  (®16  Hz): 


Parameter  Destination 


X  aimpoint  range 

Rx,(t5) 

7.1 

Y  aimpxaint  range 

RrAU) 

7.1 

Z  aimpoint  range 

R^pttj) 

7.1 

VI.IO  MODULE  4.9:  PROCESS  OUTPUT  FOR  PT  POD  SIGHTING 
(@8  Hz) 

PURPOSE: 

To  output  PT  mode  word  to  the  PT  pod. 

INPUTS  (@8  Hz): 

Parameter  Source  Update 

Weapon  delivery  in  progress  WDlP(t,)  4.5  @8  Hz 

PROCESSING: 

Timing  reference  tn: 

(a)  Set  bit  14  of  PT  MODE  =  WDIP 
OUTPUTS  (@8  Hz): 

Parameter  Destination 

PT  mode  PT  MODE  7.1 
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ENTRY 

V 

4.1 

PROCESS  INPUT  FOR  PT  POD  SIGHTING  {@32  Hz) 

I 

V 

4.2 

PROCESS  INPUT  FOR  PT  POD  SIGHTING  (@4  Hz) 

I 

V 

4.3 

PERFORM  COMPUTATIONS  FOR  PT  POD  SIGHTING  (@32  Hz) 

I 

V 

4.4 

PERFORM  COMPUTATIONS  FOR  PT  POD  SIGHTING  (@16  Hz) 

I 

V 

4.5 

PERFORM  COMPUTATIONS  FOR  PT  POD  SIGHTING  (@8  Hz) 

1 

V 

4.6 

PERFORM  COMPUTATIONS  FOR  PT  POD  SIGHTING  (@4  Hz) 

I 

V 

4.7 

PROCESS  OUTPUT  FOR  PT  POD  SIGHTING  (032  Hz) 

I 

V 

4.8 

PROCESS  OUTPUT  FOR  PT  POD  SIGHTING  (@16  Hz) 

I 

V 

4.9 

PROCESS  OUTPUT  FOR  PT  POD  SIGHTING  (@8  Hz) 

I 

V 

EXIT 


Figure  VI.l:  Sequence  of  events  for  PT  pod  sighting  (module  4) 
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APPENDIX  VII 

FPTS:  WEAPON  DELIVERY  (MODULE  5) 
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VII.l  INTRODUCTION 

The  events  associated  with  module  5  are  illustrated  in  Figure  Vll.l.  Each  of  the  subrrK)dules  of 
this  event  sequence  is  detailed  below. 

VII.2  MODULE  5.1:  RANGE  BOMB  WEAPON  DELIVERY 

PURPOSE: 

To  determine  values  of  weapon  ballistics  parameters  utilised  during  RANGE  BOMB 
mode. 


INPUTS  (cs): 


Parameter 

Source 

Update 

Range  bomb  mode  selected  (Binary) 

RB 

1.5 

cs 

Bomb  range  to  target 

Rb 

1.2 

cs 

PROCESSING; 

Timing  reference  ty; 

(a)  If  RB  =  0  then: 

exit  from  module 

(b)  If  RB  =  1  then  set: 

R]  =  Rg 

OUTPUTS  (cs): 

Parameter  Destination 

Bomb  range  to  impact  R,  5.5 

COMMENTS: 

(a)  Range  to  impact  is  only  computed  in  RANGE  BOMB  mode. 


VIL3  MODULE  5.2:  TRAIL  BOMB  WEAPON  DELIVERY 

PURPOSE: 

To  determine  values  of  weapon  ballistics  parameters  utilised  during  TRAIL  BOMB  mode. 


INPUTS  (cs): 

Parameter 

Source 

Update 

T  BM 

1.5 

cs 

Navigation  or  weapon  delivery  mode 

h  RB 

1.5 

cs 

(One  of  -  Binary) 

-*  AB 

1.5 

cs 

Groundspeed 

Vc 

2.2 

cs 
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L  1.2  cs 

Tf  1.2  cs 

PRCXESSING; 

Timing  reference  to; 

(a)  If  BM  =  1  and  RB  =  0  and  AB  =  0  then  set: 

VcTf  =  Vc  Tp 


Weapon  trail 
Weapon  time  of  fall 


(b)  Otherwise: 

exit  from  module 


OUTPUTS  (cs): 

Parameter 

Destination 

Weapon  trail 

L 

5.5 

Groundspeed  times  time  of  fall 

VcTp 

5.5 

COMMENTS: 

(a)  Weapon  trail  and  VcTp  are  only  computed  if  TRAIL  BOMB  mode  is  selected  (for  the  purposes 
of  the  FPTS,  Trail  Bomb  mode  is  active  if  neither  Range  Bomb  or  Autobomb  is  selected). 


VII,4  MODULE  5.3:  AUTOBOMB  WEAPONS  CHARACTERISTICS 

PURPOSE; 

To  determine  the  value  of  weapon  ballistics  parameters  utilised  during  AUTO  BOMB 


mode. 

INPUTS  (cs); 

Parameter 

Source 

Update 

Weapon  type 

See  table  below 

1.1 

cs 

Weapon  ejection  velocity 

Ve, 

1.1 

cs 

Number  of  weapons  to  be  released 

nyy 

1.2 

cs 

Ripple  interval  selected 

^Rl 

1.2 

cs 

Tai;get  latitude 

1.1 

cs 

Burst  altitude  above  ground 

^BACL 

1.2 

cs 

Groundspeed 

Vc 

2.2 

cs 

Improved  pressure  altitude  rate 

H, 

1.4 

cs 

Inertial  east  velocity 

V.E 

1.4 

cs 

Auto  bomb  selected 

AB 

1.5 

cs 

Altitude  above  target 

He 

3.2 

cs 
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PROCESSING: 

Timing  reference  Iq: 

(a)  If  AB  =  0  then; 

exit  from  module 

(b)  If  AB  =  1  then: 

(i)  Determine  C,  value  from  table  according  to  weapon  typje 
Weapon  Type  C|{10'V/ft^) 


BnU-23(MK-2)  0.2598 

BDU-33(MK-76)  0.5089 

BLU-l/Bf  0.2879 

BLU-27/B  f  0.2837 

BLU-31/B  0.5089 

BLU-34/B  0.4318 

M-117  0.1856 

M-118  0.1123 

MK-81  0.2282 

K-82  0.1755 

MK-83  0.1123 

MK-84  0.0912 


(ii)  Hi  =  H,  -  V., 

(iii)  =  He  -  Hbacl 

(iv)  g'  =  32.0996  -  44.64x10*’  Vc  -  145.8xl0‘  Vie  cosA^  ft/s^ 

(v)  If  Hi  <  0  then  set: 

Ci  =  3.0  s'* 

(vi)  If  Hi  >  0  then  set; 

Cl  =  6.0  s'* 

(vii)  Tl  =  (nyy-  1)  tRi/2 


OUTPUTS  (cs); 

Parameter  Destination 

Weapon  vertical  velocity  Hj  5.4 

Weapon  constant  C,  5.4 

Weapon  constant  Ci  5.4 

Trail  lead  time  Tl  5.4 

Corrected  gravity  constant  g'  5.4 

Height  above  burst  H^b  5.4 
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COMMENTS: 

(a)  Parameter  values  for  H,,  g',  and  C,  are  independent  on  prior  history  of  flight. 

(b)  A  discrete  change  in  value  of  or  g'  represents  the  start  of  a  new  mission. 

(c)  A  discrete  change  in  any  of  the  other  parameter  values  represents  the  start  of  a  new  event, 
eg  selection  of  a  different  weapon  type. 

(d)  Autobomb  weapon  delivery  characteristics  are  only  computed  in  AUTO  BOMB  mode. 


VII.5  MODULE  5.4:  AUTOBOMB  BALLISTICS  COMPUTATIONS 

PURPOSE: 

To  conduct  weapon  ballistics  computations  in  AUTO  BOMB  mode. 


INPUTS  (cs): 


Parameter 

Source 

Update 

Weapon  vertical  velocity 

Hr 

5.3 

cs 

Height  above  burst 

Has 

5.3 

cs 

Corrected  gravity  constant 

g' 

5.3 

cs 

Calibrated  airspeed 

Vc 

1.4 

cs 

Trail  lead  time 

Tt 

5.3 

cs 

Weapon  constant 

Q 

5.3 

cs 

Weapon  constant 

Cr 

5.3 

cs 

Autobomb  mode  selected 

AB 

1.5 

cs 

PROCESSING: 


Timing  reference  tg: 

(a)  If  AB  =  0  then: 

exit  from  module 

(b)  If  AB  =  1  then  set: 

(i)  Tv  =  H^/g'  +  ((Hj/g')'+2H^B/g'l‘^' 

(ii)  VcTn  =  Vc  Tv  +  Vc  T^  +  0.04  Vc  +  36  ft 

(iii)  L,  =  C,  Vc'  IH^b  +  Q  Hj  (Tv)"'l 
OUTPUTS  (cs): 

Parameter  Destination 

Autobomb  groundspeed  times  time  of  fall  VcTp,  4.1, 5.5 

Autobomb  trail  L,  5.5 
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COMMENTS: 

(a)  Parameter  values  are  dependent  on  prior  history  of  flight. 

(b)  A  discrete  change  in  parameter  value  represents  the  start  of  a  new  event,  eg  selection  of  a 
different  weapon  type. 

(c)  Autobomb  ballistics  computations  are  only  computed  in  AUTOBOMB  mode. 


VII.6  MODULE  5.5:  DETERMINATION  OF  THE  WEAPON  RELEASE 
POINT 


PURPOSE: 


To  determine  weapon  release  point  during  navigahon  to  the  target. 


INPUTS  (cs): 


Parameter 

Source 

Update 

Range  to  target 

Rt 

3.1 

cs 

Range  to  target  east 

^TE 

3.1 

cs 

Range  to  target  north 

Rtn 

3.1 

cs 

Auto  bomb  mode  ground  speed  times  time  of  fall 

VcTn 

5.4 

cs 

Auto  bomb  mode  trail 

L, 

5.4 

cs 

Trail  bomb  mode  trail 

L 

5.2 

cs 

Range  bomb  mode  bomb  range  to  target 

R. 

5.1 

cs 

Trail  ground  speed  times  time  of  fall 

VcTp 

5.2 

cs 

Aircraft  heading 

Oh 

2.3 

cs 

Bomb  mode  selected 

BM 

1.5 

cs 

Autobomb  mode  selected 

AB 

1.5 

cs 

Range  bomb  mode  selected 

RB 

1.5 

cs 

Weapon  release  switch  depression  duration 

W 

1.6 

cs 

Number  of  weapons 

nyy 

1.2 

cs 

Number  of  bombs  left 

^WL 

1.2,  55 

cs 

Release  switch  selected  (Binary) 

REL  SWT 

1.2 

cs 

PROCESSING: 


Timing  reference  tp; 

(a)  If  BM  =  0  then: 

exit  from  module 


(b)  If  BM  =  1  then: 

(i)  If  RB  =  1  then  set: 

(ii)  If  RB  =  0  and  AB  =  0  then  set: 
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Ln  =  L  COS0H 
Le  =  L  sin0H 
(Rt  +  L)e  =  Rje  -f  Le 
(R^  i-  L)>;  =  Ryi^  +  L'y; 

(Rx  +  L)  =  KRt  +  L)e^  -r  (Rt  -t- 
VcTc  =  (Rt  +  L)  -  VcTe 
Rr  =  VcTc 

(iii)  If  AB  =  1  then  set: 


=  Li  COS0H 

Le  =  LI  sin0H 
(Rt  L)e  =  Rte  Le 
(Rt  -t-  L)^.  =  Rx\  +  L^- 
(Rt  +  L)  =  KRt  +  L)e^  +  (Rt  + 
=  (Rt  L)  -  V^Tpi 


Rr  =  Vole 

(iv)  If  Rr  <  0  or  REL  SWT  =  1  then: 

If  nwT  S  0,  then  set: 

Wr  =  1  for  time  twR  before  returning  to  0 


riwL  ~  tlvVL  -  nyy 


REL  SWT  =  1 

Otherwise  set: 

o 

II 

oc 

Output  (cs): 

Parameter 

Destination 

Range  to  weapon  release 

Rr 

External 

Weapon  release 

Wr 

4.1 

Number  of  weapons  left 

rtWL 

5.5,  11.12 

Release  switch  selected  (Binary) 

REL  SWT 

11.12 
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o 


COMMENTS: 

(a)  Weapon  release  occurs  when  R*  decreases  to  zero. 

(b)  Value  of  R*  increases  negatively  if  aircraft  moves  closer  towards  the  target  after  weapon 
release,  and  increases  positively  as  aircraft  moves  away  from  the  weapon  release  point  after 
weapon  release. 


r 
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ENTRY 

I 

V 

5.1 

DETERMINE  PARAMETER  VALUES  FOR  RANGE  BOMB  BALLISTICS  (cs) 

I 

I 

V 

5.2 

Dl  i  ERMINE  PARAMETER  VALUES  FOR  TRAIL  BOMB  BALLISTICS  (cs) 

i 

V 

5.3 

DETERMINE  AUTO  BOMB  WEAPONS  CHARACTERISTICS  (cs) 

V 

5.4 

PERFORM  AUTOBOMB  BALLISTICS  COMPUTATIONS  (cs) 

I 

V 

5.5 

DETERMINE  WEAPON  RELEASE  POINT  (cs) 

I 

V 

EXIT 


Figure  VII.l:  Sequence  of  events  for  weapon  delivery  (module  5) 
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APPENDIX  VIII 

FPTS:  RADAR  POSITION  UPDATING  (MODULE  6) 
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VIIl.l  INTRODUCTION 

The  events  associated  with  module  6  are  illustrated  in  Figure  VIIl.l.  Each  of  the  submodules  of 
this  event  sequence  is  detailed  below. 

VIII.2  MODULE  6.1:  RADAR  FIX  MAGNITUDE  (DESTINATION 

POSITION  UPDATING) 

PURPOSE; 

To  determine  error  magnitude  between  the  target  return  indicated  on  the  VID  radar 
display  and  the  position  of  the  intersection  point  of  the  range  and  azimuth  cursor,  for 
Bomb/Nav  system  destination  position  updating. 


INPUTS  (cs); 


Parameter 

Source 

Update 

Radar  prime  (Binary) 

RDR  PRM 

1.5 

cs 

Destination  (or  present  position)  selected  (Binary) 

PP/DEST 

1.5 

cs 

Radar  return  latitude 

^RDRRET 

14 

cs 

Radar  return  longitude 

Lrdiwet 

1 

cs 

Present  position  latitude 

Xp 

2.4 

cs 

Present  position  longitude 

Lp 

2.4 

cs 

AIC  dead-man  switch  depressed  to  1/2  ACTION 
(Binary) 

1/2  ACTION 

1.5 

cs 

AIC  dead-man  switch  depressed  duration 

Uk 

1.6 

cs 

Ground  track 

9t 

2.2 

cs 

PROCESSING; 

Timing  reference  to; 

(a)  If  RDR  PRM  =  0,  then; 

exit  from  module 

(b)  If  RDR  PRM  =  1  and  1/2  ACTION  =  0  then  set; 

Ct  =  0 
Qt  =0 
Cp  =  0 

exit  from  module 

(c)  If  RDR  PRM  =  1  and  PP/DEST  =  0  and  1/2  ACTION  =  1  then; 

exit  from  module 

(d)  If  RDR  PRM  =  1  and  PP/DEST  =  1  and  1/2  ACTION  =  1  then  set: 

(i)  =  ^RDRBET  ■ 

(ii)  ALgoRHET  =  LgQuiET  -  Lp 
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(lii)  higognEx  -  cosXji 

**V)  RrsROWET  -  20.8961x10“  (AXgoRjjEx  h  IHDRKEr^ 

tv)  RrESDRMT  "  20.9667x10^  (  ALuj;^[;7 

(vi)  e.^  =  R:\RDkKET  ■  Rr\ 

(vii)  Eg  =  RrEKDRRHT  ■  ^!E 
(vili)  £y  =  e>.  cos6t  Ee  sinGj 

(ix)  Ect  =  -e\  sinBj  +  Eg  cosGy 

(x)  CfR  =  £t/1aic 

(xi)  CcTR  =  £ct/  Uic 

(xii)  Set  Cp  =  1  for  duration  t^ic 

(e)  Cj  =  CpR 

(f)  CcT  =  Q:tr 
OUTPUTS  (cs): 

Parameter  Destination 

Radar  along  track  correction  Cg  6.3 

Radar  cross  track  correction  Cct  6.3 

Dead-man  switch  Cp  6.3,  2.4,  2.5 

COMMENTS: 

(a)  Target  return  position  is  identified  in  terms  of  absolute  latitude  and  longitude. 

(b)  If  pxisition  error  is  due  to  error  in  NCU  destination  latitude  and  longitude,  then  fix 
magnitude  is  the  difference  between  radar  return  latitude  and  longitude  with  respect  to 
destination  latitude  and  longitude. 

(c)  If  position  error  is  due  to  error  in  NCU  present  position  latitude  and  longitude,  then  the  net 
effect  will  be  the  same  disparity  between  the  intersection  point  of  the  cursors  with  respect  to  the 
target  radar  return.  Either  the  present  position  or  the  destination  may  be  upxlated  to  correct  the 
navigation  solution,  regardless  of  the  error  source. 

(d)  Magnitude  of  radar  correction  applied  is  dependent  on  magnitude  of  AlC  displacement 
caused  by  the  operator,  and  duration  the  dead-man  switch  is  depressed. 

(e)  Cm,  and  Qm  slewing  signals  (ft/s)  with  magnitude  proportional  to  fore  or  aft  and  lateral 
displacement  of  the  AIC  by  the  operator  . 

(f)  The  AIC  dead-man  switch  is  usually  depressed  by  the  operator  in  short  bursts  (known  as 
"beeps"),  of  duration  t^io  with  fixed  AIC  displacement.  During  each  "beep",  the  NCU  recomputes 
a  kiew  navigation  solution  to  reposition  the  radar  cursors  by  an  amount  proportional  to  the 


UNCLASSIFIED 


140 


UNCLASSIFIED 


ERL-0656-RR 


displacement  of  the  AlC.  Correction  signals  Cr^  and  Cc™  only  applied  to  the  NCU  to  change 
the  navigation  solution  while  the  AIC  dead-man  switch  is  depressed.  However,  corrections  may 
also  be  applied  with  the  dead-man  switch  depressed  for  a  longer  period  of  time,  where  the  AIC 
displacement  is  varied  by  the  operator  in  response  to  the  change  in  cursor  positioning  with 
respect  to  the  radar  target  return  while  the  dead-man  switch  is  depressed. 

(g)  The  numerical  quantities  used  in  steps  (iv)  and  (v)  of  (d)  are  approximations  to  the  earth's 
radius  in  the  latitude  and  longitudinal  directions. 


VIII.3  MODULE  6.2:  RADAR  FIX  MAGNITUDE  (PRESENT  POSITION 
UPDATING) 

PURPOSE: 

To  determine  error  magnitude  between  the  target  return  indicated  on  the  VID  Radar 
Display  and  the  position  of  the  intersechon  pjoint  of  the  range  and  azimuth  cursor,  for 
Bomb/N'av  System  present  position  updating. 


INPUTS  (cs): 


Parameter 

Source 

Update 

Radar  prime  (Binary) 

RDR  PRM 

1.5 

cs 

Aircraft  absolute  present  position  latitude 

^PPABS 

1.4 

cs 

Aircraft  absolute  present  position  longitude 

LppABS 

1.4 

cs 

Present  position  latitude 

A.p 

2.4 

cs 

Present  position  longitude 

Lp 

2.4 

cs 

Destination  (or  present  position)  selected  (Binary) 

PP/DEST 

1.5 

cs 

AIC  dead-man  switch  depressed  to  1/2  ACTION 

1/2  ACTION 

1.5 

cs 

(Binary) 

AIC  dead-man  switch  depressed  duration 

Iac 

1.6 

cs 

Ground  track 

0T 

2.2 

cs 

PROCESSING; 


Timing  reference  to: 

(a)  If  RDR  PRM  =  0,  then: 

exit  from  module 

(b)  If  RDR  PRM  =  1  and  1/2 ACTION  =  0  then  set: 

Ctu  =  0 
CcTR  =  0 

exit  from  module 

(c)  If  RDR  PRM  =  1  and  PP/DEST  =  1  and  1/2  ACTION  =  1  then: 

exit  from  module 
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(d)  IF  RDR  PRM  =  1  and  PP/DEST  =  0  and  1/2  ACTION  =  1  then  set: 

(i)  AXppabs  =  ^ppabs  ■  ^p 

(ii)  ALppy^gs  =  LppABs  -  Lp 

(iii)  hjpp^gg  =  (ALppABs/2)  sinALppAss  cosX.p  sinXppy^gg 

(iv)  Rtsppabs  “  20.8961x10*  (AXppAgs  ^^ippabs) 

(v)  Rthppabs  ~  20.9667x10*  (ALppy^gs  cosXpp^gs) 

(vi)  e.-  =  Rtnppabs  ' 

(vii)  <  p  -  Rteppabs  ■  Rte 
(viii)  Ej  =  Em  COS0T  +  Eg  sinOj 
(ix)  Ect  =  -En  sin0x  +  Eg  cos0t 
M  Ctr  =  Ct/Ux: 

(xi)  CcTR  =  £ct/*aic 

(xii)  Set  Cp  =  1  for  duration  tAic 

(e)  Cx  =  CjR 
ff)  CcT  =  Ccxn 


OUTPUTS  (cs): 

Parameter 

Destination 

Radar  along  track  correction 

Cx 

6.3 

Radar  cross  track  correction 

CcT 

6.3 

Dead-man  switch 

c. 

6.3,  2.4,  2.5 

COMMENTS: 

(a)  Airaaft  true  present  position  is  identified  in  terms  of  absolute  latitude  and  longitude  of  the 
aircraft  present  position. 

(b)  If  position  error  is  due  to  error  in  NCU  present  position  latitude  and  longitude,  then  fix 
magnitude  is  the  difference  between  absolute  present  position  latitude  and  longitude  with 
respect  to  NCU  present  position  latitude  and  longitude. 

(c)  Magnitude  of  radar  correction  applied  is  dependent  on  magnitude  of  AIC  displacement 
caused  by  the  operator,  and  the  duration  tAc  that  the  dead-man  switch  is  depressed. 

(d)  CxR,  and  C^xr  are  slewing  signals  (ft/s)  with  magnitude  proportional  to  fore  or  aft  and  lateral 
displacement  of  the  AIC  by  the  operator  . 

(e)  The  numerical  quantities  used  in  steps  (iv)  and  (v)  of  (d)  are  approximations  to  the  earth's 
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radius  in  the  latitude  and  longitudinal  directions. 


VIII.4  MODULE  6.3:  BOMB  AND  NAVIGATION  SYSTEM  POSITION 
UPDATING 

PURPOSE; 


To  determine  the  magnitude  of  correction  signals  north  and  east  to  be  applied  to  the  NCU 
navigation  solution,  derived  from  position  corrections  determined  using  the  radar  or  the 
PT  pod  as  position  sensors. 


INPUTS  (CS): 

Parameter 

Source 

Update 

Dead-man  switch  (Binary) 

Cp 

1. 5,6.1, 6.2,8.8 

See  note  (a) 

Radar  along  track  correction 

Cp 

1.3,6.1,6.2,8.8 

See  note  (a) 

Radar  cross  track  correction 

Q:t 

1.3,6.1,6.2,8.8 

See  note  (a) 

Ground  track 

ep 

2.2 

CS 

PROCESSING: 

Timing  reference  to; 

(a)  If  Cp  =  0  then  set; 

(i)  Cs  =  O 

(ii)  Ce  =  O 

exit  from  module 

(b)  If  Cp  =  1  then  set: 

(i)  C.v  =  Cp  COS0T  -  Qt  sinGp 

(ii)  Ce  =  Cp  sin9p  +  Qp  cos9p 


OUTPUTS  (cs): 

Parameter 

Destination 

North  correction  signal 

2.4,  2.5 

East  correction  signal 

Ce 

2.4,  2.5 

COMMENTS; 

(a)  Input  from  submodules  of  module  1  and  6  can  be  regarded  as  updated  continuously; 
parameters  from  module  8.8  are  updated  at  a  rate  of  16  Hz. 

(b)  Correction  signals  slew  the  present  position  or  destination  position  counters  on  the  NCU, 
dependent  on  selection  of  PP/DEST  switch. 

(c)  If  RDR  PRM  =  1,  position  updating  will  utilise  radar  position  corrections. 
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(d)  If  RDR  PRM  =  0,  position  updating  will  utilise  PT  pod  position  corrections. 

(e)  Dead-man  switch  is  set  true  for  lime  t^c*  determined  by  length  of  depression  by  operator  for 
radar  position  updating  and  determined  by  AlU  computations  for  PT  position  updating. 
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ENTRY 

I 

V 

6.1 

DETERMINE  RADAR  FIX  MAGNITUDE 
(DESTINATION  UPDATING)  (cs) 

I 

V 

6.2 

DETERMINE  RADAR  FIX  MAGNITUDE 
(PRESENT  POSITION  UPDATING)  (cs) 

I 

V 

6.3 

DETERMINE  BOMB  AND  NAVIGATION  SYSTEM  POSITION  CORRECTIONS  (cs) 

I 

V 

EXIT 


Figure  VIII.l:  Sequence  of  events  for  radar  position  updating  (module  6) 
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APPENDIX  IX 

FPTS:  PT  POD  SIGHTLINE  VECTOR  POSITIONING 

(MODULE  7) 
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IX.1  INTRODUCTION 

The  events  associated  with  module  7  are  illustrated  in  Figure  IX.  1.  Each  of  the  subnnodules  of 
this  event  sequence  is  detailed  below. 


1X2  MODULE  7.1:  PT  POD  INPUT  PROCESSING  FOR  SIGHTLINE 
CONTROL  (@40  Hz) 

PURPOSE: 

To  synchronise  aircraft  input  data  to  the  PT  pod  main  loop  cycle  time. 


INPUTS  (@40  Hz); 


Parameter 

Source 

Update 

Aircraft  X  velocity 

Vxplfjl 

4.7 

@32  Hz 

Aircraft  Y  velocity 

Vypltj) 

4.7 

@32  Hz 

Aircraft  Z  velocity 

Vzplts) 

4.7 

@32  Hz 

Aircraft  X  aimpoint  range 

Rxp(U) 

4.8 

@16  Hz 

Aircraft  Y  aimpioint  range 

Ryplffc) 

4.8 

@16  Hz 

Aircraft  Z  aimpoint  range 

Rzplf*) 

4.8 

@16  Hz 

Range  staleness 

8Rsync 

1.6 

cs 

Velocity  staleness 

SVsYNC 

1.6 

cs 

PT  mode 

PT  MODE(t„) 

4.9 

@8  Hz 

PROCESSING: 


Timing  reference  tjo: 

(a)  Input  parameters 

(b)  Rea  “  ^xp  SR^ync 
Ic)  Rna  ~  Ryp  *  SRsync 

(d)  Rva  =  Rzp  SRsync 

(e)  Vea  =  Vxp  +  8Vsync 
1^)  VjjA  =  Vyp  +  SVsYNC 

(g)  VvA  =  Vzp  +  SVsYNC 

(h)  Rz  =  Rzp 


(i)  Input  WDIP  (Bit  14  of  word  PT  MODE) 


OUTPUTS  (@40  Hz); 

Parameter 

Destination 

Untrimmed  aircraft  north  range 

Rna 

7.2,  7.3,  7.5,  7.6 

Untrimmed  aircraft  east  range 

Rea 

7.2,  7.3,  7.5,  7.6 
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Untrimmed  aircraft  vertical  range 

Rva 

7.2. 

75. 

7.6 

Untrimmed  aircraft  north  velocity 

Vna 

73. 

7.4. 

7.6 

Untrimmed  aircraft  east  velocity 

Vea 

73. 

7.4. 

7.6 

Untrimmed  aircraft  vertical  velocity 

VvA 

73. 

7.4. 

7jS 

UrtsyiKhronised  aircraft  vertical  range 

Rr 

73. 

75 

Weapon  delivery  in  progress  (Binary) 

WDIP 

75 

COMMENTS: 

(a)  PT  pod  compensates  for  data  staleness  incurred  due  to  difference  in  processing  rates  between 
the  external  data  source  aiKl  the  PT  pod  main  loop  cycle  rate. 


IX.3  MODULE  7.2:  PT  POD  SIGHTUNE  VECTOR  IN  CUE  MODE 

PURPOSE: 

To  determirre  the  PT  pod  sightline  vector  in  CUE  mode,  prior  to  entering  into  COARSE 
CUE  or  TRACK  mode. 


INPUTS  («40  Hz): 

Parameter 

Source 

Update 

Pave  tack  prime  (Binary) 

PTPRM 

15 

cs 

cue  mode  status  indicator  (Binary) 

CueButton 

15 

cs 

Pod  in  track  (Biruiry) 

PIT 

15 

C3 

Horizon  natural  selected  (Biruiry) 

Hor  Nat 

15 

cs 

Pave  tack  pod  view  selected  (Binary) 

PV 

15 

cs 

Untrimmed  north  range 

Rna 

7.1 

®40Hz 

Untrimmed  east  range 

Rex 

7.1 

940  Hz 

Untrimmed  vertical  range 

Rva 

7.1 

940  Hz 

PROCESSING: 


Tinung  refereiKe 

If  PT  PRM  ®  0  or  PT  PRM  »  1  and  CueButton  =  1  arul  PIT  =  0  then  set: 

(a)  R| » 

(b)  Rn  *  Rna 

(c)  Ry  =  Rva 

(d)  Rarcp  =  IRe'  +  Rn'  +  Rv'  1 

(e)  Rsptsp  =  Rsptcp 

(0  SRgd)  =  0 

(g)  SRnCO  =  0 
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(h)  5Rv(i)  =  0 

(i)  CSII|i  =  Rm/Rsptcf 

(j)  CSIli2  =  Re/^Wtcp 

(k)  CSIIjj  =  ^^v/Rsptcp 

(l)  RTA  =  0 

(m)  LRA  =  0 

(n)  R,  =  Rn 

(o)  Rj  =  Re 

(p)  Rj  =  Rv 

(q)  T  =  CAI  R 

(r)  Outer  Roll  =  tan  ‘(-T2/T3) 

(s)  Outer  Pitch  =  tan  '(-{T2'  +  /  T,) 

(t)  Inner  Yaw  =  0 

(u)  (i)  Translate  Outer  Roll  into  3x3  Roll  transfer  matrix  Phi 

(ii)  Trartslate  Outer  Pitch  into  3x3  Pitch  transfer  matrix  Theta 

(iii)  Translate  Inner  Yaw  into  3x3  Yaw  trani  -  matrix  Psi 

(V)  (i)  CSI  =  Phi  Theta  Psi  CAI 

(ii)  CSA  =  Phi  Theta  Psi 
(w)  Theta  LoS  =  |sin ‘(CSA, j)  | 

(X)  Psi  LoS  =  tan  '(CSA,j/CSA,.,) 

(y)  ZTheta,  =  co5  '(CSI,j) 

(z)  If  ZTheta,  >  k/2  then  ZTheta,  >  ZTheta,  -  n 
(aa)  If  PV  =  1  then  set 

T  =  0 

Otherwise: 

(i)  If  HorNat  *  1  then  set 

T  =  tan  '[sin(Outer  Roll)/(cos(Outer  Pitch)  cos(Outer  Roll))] 
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Otherwise: 

(ii)  T  »  tan  '[sin(Outer  Roil)/(cos(Outer  Pitch)  cos(Outer  Roti))l  -  Psi  LoS 
(bb)  LoS  *  CSI  (Rs^s,.0,0)^ 

Otherwise: 

exit  from  module 


OUTPUTS  («40  Hz): 


Parameter 

Destination 

North  correction 

SRN(i) 

7.7 

East  correction 

«R«(i) 

7.7 

Vertical  correction 

8Rv(i) 

7.7 

Inerital-to^ightline  transformation  matrix 

CSI 

1.6 

North  direction  cosine 

csa„ 

7.7 

East  direction  cosiiw 

csn„ 

7.7 

Vertical  direction  cosine 

csn,3 

7.7 

Slant  range  to  PT  pod  sighting  point 

73,  External 

Range  trim  available  (Binary) 

RTA 

7.7 

Laser  range  available  (Binary) 

LRA 

7.7 

Depression  angle 

ZTheta, 

External 

Pod  outer  pitch 

Outer  Pitdt 

10.4 

Depression  angle  line^^f-sight  marker 

Theta  LoS 

External 

Azimuth  angle  line-of*sight  marker 

Psi  Los 

External 

Derotation  angle 

t 

11.17,  External 

Arbitrary  point  on  sight  line  vector 

LoS 

103 

COMMENTS: 

(a)  PT  pod  sightline  is  cued  to  airaaft  X,Y^  aimpoint  in  CUE  mode. 

(b)  Rspit?  is  length  of  the  PT  pod  sightline  vector  in  CUE  mode. 

(c)  PT  pod  Cue  point  is  the  intersection  point  of  the  azimuth  and  elevation  cursors  as  seen  on 
the  PT  VID  display,  dehned  by  (Rvicf'  CSII,»  CSI!,}) 

(d)  PT  pod  recomputes  N,  E,  V  corrections  and  N,  E,  V  direction  cosines  at  40  Hz. 

(e)  Rn,  Re,  and  Ry  are  PT  pod  synchronised  aircraft  ranges  to  the  FT  pod  sighting  point. 

(0  For  details  of  the  construction  of  the  roll,  pitch  aitd  yaw  transformation  matrices  refer  to 
Appendix  I. 

(g)  Ti,  Tj  and  Tj  are  the  elements  of  the  array  T. 
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1X4  MODULE  7.3:  PT  POD  SIGHTLINE  VECTOR  IN  COARSE  CUE  MODE 

PURPOSE: 

To  determine  PT  Pod  sightline  vector  in  COARSE  CUE  mode,  prior  to  entering  into 
TRACK  mode. 


INPUTS  (@40  Hz): 

Parameter 

Source 

Update 

Pave  tack  prime  (Binary) 

PTPRM 

1.5 

cs 

Dead-man  switch  depressed  to  1  /2  ACTION  (Binary) 

1/2  ACTION 

1.5 

cs 

Cue  mode  status  indecator  (Binary) 

CueButton 

IS 

cs 

Pod  in  track  (Binary) 

PIT 

IS 

cs 

Horizon  natural  selected  (Binary) 

Hor  Nat 

IS 

cs 

Pave  tack  pod  view  selected  (Binary) 

PV 

IS 

cs 

PT  pod  si^tline  transformation  matrix 

CSI 

1.6 

cs 

Untrimmed  east  range 

Rea 

7.1 

@€Hz 

Untrimmed  rK>rth  range 

Rna 

7.1 

@10  Hz 

Z  aimpoint  range 

Rz 

7.1 

@10  Hz 

Slant  range  to  PT  pod  sighting  point 

Rstsp 

7.2,  73, 
7.5,  7.6 

@40  Hz 

Untrirruned  aircraft  north  velocity 

Vna 

7.1 

@10  Hz 

Untrimmed  aircraft  east  velocity 

Vea 

7.1 

@10  Hz 

Untrimmed  aircraft  vertical  velocity 

VvA 

7.1 

@10  Hz 

Inertial  to  aircraft  transformation  matrix 

CAI 

10.2 

@10  Hz 

PROCESSING; 

Timing  reference  W 

If  PT  PRM  =  1  and  CueButton  =  0  arxl  PIT  =  0  then  set: 
(a)  If  1/2  ACTION  =  1  then: 

(i)  Rscc  =  Rz  /  CSIjj 

(ii)  Rsptsp  =  Race 

(iii)  CSn„  =  CSIi.i 

(iv)  CSII,j  =  CSIu 
(V)  CSIIn  =  CSIu 

(vi)  Rnccptsp  =  Rscc  CSIji 

(vii)  Reccftsp  =  Rscc  CSII^ 

(viii)  Rvccftsp  ~  Rz 

(ix)  SR^fi)  =  Rncotsp  *  Rna 
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(x)  5RE(i)  -  Reccftsp  ■  Rea 

(xi)  SRy(i)  =  0 

(xii)  RTA  =  0 
(xiii)  LRA  =  0 

(xiv)  = 

Rnv  5RN(i) 

(xv)  RE(i)  =  Rea  +  SRE(i) 

(xvi)  Rv(i)  =  Rva  +  5Rv(i) 

Otherwise: 

(0  Rnp  ~  RspTCP 
(ii)  Rep  ~  Rsptcp 
(in)  Rvp  -  Rsptcp 

(iv)  R)vi(i)  =  Rnp  -  Vna/40 

(v)  RE{i)  ~  Rep  *  VEy^/40 
(Vi)  Rv(i)  =  Rvp  -  Vva/40 

(vii)  R^iri<s>  =  (Rn^  Re^  Ry^)** 

(viii)  Set  up  array  Ranges  of  length  3  by  setting 
Ranges,  =  RN(i) 

Rangesj  =  RE(i) 

Ranges,  =  Rv(i) 

(ix)  T  =  CAI  Ranges 

(x)  Outer  Roll  =  tan  ‘(-Tj/T,) 

(xi)  Outer  Pitch  =  tan  *(-(T2^+T3^'‘/T,) 

(xii)  Inner  Yaw  =  0 

(xiii)  Construct  yaw  transformation  matrix  from  yaw  angle  Inner  Yaw(n) 

(xiv)  Construct  pitch  transformation  matrix  6  from  pitch  angle  Outer  Pitch(n) 

(xv)  Construct  roll  transformation  matrix  ^  from  roll  angle  Outer  Roll(n) 

(xvi)  CSA  =  e  <b 
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.  t  (xvu)  CSI  -  CSA  CAI 

(xviii)  ThetaLoS  =  lsin'CSA,j| 

(xix)  PsiLoS  *  tan  '(CSA,_2/CSA, ,) 

(xx)  ZTheta,  =  cos  '(CSI,j) 

(xxi)  If  ZTheta,  >  ff/2  then  ZTheta,  =  ZTheta,  -  it 
(b)  If  PV  =  1  then  set; 

T  =  0 

Otherwise: 

(i)  If  HorNat  =  1  then  set: 

t  =  tan''[sin(Outer  RolI)/(cos(Outer  Pitch)  cos(Outer  Roll))] 
Otherwise: 

(ii)  X  =  tan  '[sin(Outer  Roll)/(cos(Outer  Pitch)  cos(Outer  Roll))]  •  Psi  LoS 


Otherwise: 

exit  from  module 


OUTPUTS  (®40  Hz): 

Parameter 

Destination 

North  range  trim 

8RN(i) 

75,  7.7 

East  range  trim 

8RE(i) 

75,  7:1 

Vertical  range  trim 

8Rv(i) 

75.  7.7 

Inerital-to-sightline  transformation  matrix 

CSI 

1.6 

North  direction  cosine 

csn„ 

7.7 

East  direction  cosine 

csn„ 

7.7 

Vertical  direction  cosine 

csn„ 

7.7 

Slant  range  to  PT  sighting  point 

Rjpi<gp 

75,  External 

Range  trim  available  (Binary) 

RTA 

7.7 

Laser  range  available  (Binary) 

LRA 

7.7 

North  range  to  sighting  point 

lUi) 

75 

East  range  to  sighting  point 

Rsd) 

75 

Vertical  range  to  sighting  point 

Rv(i) 

75 

Pod  pitch  angle 

Outer  Pitch(n) 

10.4 

Depression  angle 

ZThetai 

External 

Depression  angle  lineof-sight  marker 

Theta 

External 

Azimuth  angle  line-of-sight  marker 

Psi  Los 

External 

Derotation  angle 

T 

11.17,  External 

COMMENTS: 

(a)  Rkc  is  length  of  the  PT  pod  sightUne  vector  in  Coarse  Cue  mode. 
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(b)  PT  pod  Coarse  Cue  sighting  point  is  the  intersection  point  of  the  azimuth  and  elevation 
cursors  as  seen  on  the  PT  VID  display,  dehned  by  (R^co  CSII,„  CSn,2,  CSIln)- 

(c)  Rn,  Re  aixl  Rv  are  PT  Pod  synchronised  aircraft  ranges  to  the  PT  Pod  sighting  point 


1X5  MODULE  7.4:  PT  POD  VELOCITY  VECTOR  IN  TRACK  MODE 

PURPOSE 


To  determme  the  PT  Pod  velocity  vector  when  the  pod  is  in  track  mode. 


INPUTS  (040  Hz): 

Parameter 

Source 

Update 

Pave  tack  prime  (Binary) 

PTPRM 

1.5 

cs 

Dead-man  switch  depressed  to  1/2  ACTION  (Biiuiry) 

1/2  ACTION 

1.5 

cs 

Pod  in  track  (Binary) 

PIT 

1.5 

cs 

PT  pod  sightlirte  transformation  matrix 

CSI 

1.6 

cs 

Untrimmed  nordr  velocity 

Vna 

7.1 

@»Hz 

Untrimmed  east  velocity 

Vea 

7.1 

010  Hz 

Untrimmed  vertical  velocity 

VvA 

7.1 

@10  Hz 

PROCESSING: 

Timing  refereiKe 

If  PT  PRM  =  1  and  1/2  ACTION  =  0  and  PIT  =  1  then 

set: 

(a)  Vs  =  VsA 

(b)  Ve  =  Ve;, 

(c)  Vv  =  VvA 

(d)  CSIIij  =  CSI,i  (i  =  1-3,  j  =  1-3) 


(e)  V,  =  Vs  csn„  +  Ve  CSn„  +  Vv  csn,j 

(f)  V,  =  Vs  csn„  +  Ve  CSHa  +  V.  CSHa 

(g)  Ve  =  Vs  CSIIj,  +  Ve  CSII„  +  Vy  CSU3, 

(h)  V  =  (Vs'  +  Ve'  +  VvT'" 

Otherwise: 

exit  from  module 
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OUTPUTS  (040  Hz): 

Parameter  Destiitation 

Sightline  velocity  V  75 

I  sightline  velocity  component  V,  75 

J  sightline  velocity  component  V,  10.1 

K  sightline  velocity  component  75,  10.1 


COMMENTS: 

(a)  CSn  is  inertial-to-sightline  co-ordinate  transformation  matrix,  defining  the  current  direction 
of  the  PT  Pod  sightline  in  track  mode. 


1X6  MODULE  7.5:  PT  POD  SIGHTLINE  VECTOR  IN  TRACK  MODE 
(WITHOUT  LASER  FIRE) 


PURPOSE: 


To  determine  PT  pod  sightline  vector  in  track  mode  prior  to  firing  the  laser. 

INPUTS  (040  Hz): 

Parameter  Source 

Update 

Pave  tack  prime  (Binary) 

PTPRM 

15 

cs 

Dead-man  switch  depressed  to  1/2  ACTION  (Binary) 

1/2  ACTION 

15 

cs 

Pod  in  track  (Binary) 

PIT 

15 

cs 

PT  sightline  transformation  matrix 

CSI 

1.6 

cs 

Untrimmed  east  range 

RfiA 

7.1 

@10  Hz 

Untrimmed  north  range 

Rna 

7.1 

@10  Hz 

Untrimmed  vertical  range 

Rva 

7.1 

@10  Hz 

Z  aimpoint  range 

Rz 

7.1 

@10  Hz 

Trimmed  north  range 

IWi-l) 

73,  75,  7.6 

@10  Hz 

Trimmed  east  range 

Rfi(i-1) 

73,  75,  7.6 

@10  Hz 

Trimmed  vertical  range 

Rv(i-1) 

73,  75,  7.6 

@10  Hz 

North  range  trim 

SlWi-  1) 

73,  75,  7.6 

@10  Hz 

East  range  trim 

-1  ) 

73,  75,  7.6 

@10  Hz 

Vertical  range  trim 

5Rv(i  -1  ) 

73,  75,  7.6 

@10  Hz 

I  sightline  velocity  component 

VXtm) 

7.4 

@10  Hz 

K  sightline  velocity  component 

7.4 

@10  Hz 

PT  Pod  sightline  velocity 

viw 

7.4 

@10  Hz 

Laser  firing  (Binary) 

LSRFIRE 

15 

cs 

Vertical  correction 

ALTRIM(i-l) 

1.6,  75 

@10  Hz 

Sightline  pitch  (elevation)  rate 

“KJ 

10.1 

@10  Hz 

Elevation  operator  adjustment 

10.4,  11.17  @40  Hz 

Weapon  delivery  in  progress  (Binary) 

WDIP 

7.1 

@X)Fk 

PROCESSING: 


Timing  reference  tjo: 

If  PT  PRM  »  1  and  1/2  ACTION  =  0  and  PIT  =  1  and  LSR  FIRE  =  0  then  set: 
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(a)  LRA  =  0 

(b)  csn„  =  csi„ 

(c)  CSII,J  =  CS1„ 

(d)  CSII„  =  CSI,3 

(e)  If  Icoml  <  0.0033  then  set: 

ALTRIM(i)  :=  ALTRIM(i-l)  +  (CSH,,  Sew„««)/(0.0033  x  40) 
Otherwise: 

ALTRIM(i)  :=  ALTRIM(i-l)  +  (CSn,j  8ew,«»)/(  IcOr,  I  *  40) 
(0  If  ALTRIM(i)  >  512  then  set: 

ALTRIM(i)  :=  512 
(0  If  ALTRIM(i)  <  -512  then  set: 

ALTRIM(i)  :=  -512 

(g)  ftUi)  =  Rz  +  ALTRIM(i) 

(h)  ft  =  ftv(i)/CSII,3 

(i)  Krcain  =  [(2.0  +  (2.0  +  (0.003  VdT^ 

[(0.05  Vk/v)2  +  (2.0  y^/yf  +  (2.0  +  (0.003 

t,')  Rw  =  ft  +  [  Rz/CSIIn  -  ft] 

(k)  ?^i)  =  Rw  CSII„ 

(l)  ftE(i)  ■■  Rw  C3IIj2 

(m)  ftv(i)  =  Rw  CSIIj3 

(n)  8Rw(i)  =  8RN(i-ll  +  0.0333  (ft^fi)  -  RN(i-l)l 

(o)  5Rt(i)  =  5RE(i-l)  0.0333  [ftE(i)  -  Refi-l)! 

(p)  8Rv(i)  =  6Rv(i-l)  +  0.0333  [ftv(i)  -  Rv(i-l)l 
(fl)  Rva  =  Rzp 

(f)  Rn(')  =  Rna  8Rn(0 

(s)  Refj)  =  Rea  "*■  8RE(i) 

(t)  Rv(i)  =  Rva  8Rv(i) 
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(u)  LASER  OFF  -  1 
(V)  Rvnp  »  Rw 

(w)  If  sightline  deviation  from  velocity  vector  is  greater  than  15  and  WDIP  «  0.  then 

SetRTA«  1 
Otherwise: 

SetRTA-O 

(x)  LRA  >  0 
Otherwise: 

exit  from  module 


OUTPUTS  (040  Hz): 


Parameter 

Destination 

North  range  trim 

SIUD 

75,  7.6,  7.7 

East  range  trim 

«Rs(i) 

75,  7.6,  7.7 

Vertical  range  trim 

SRv(i) 

75,  75,  7.7 

North  direction  cosine 

csn„ 

7.7 

East  direction  cosine 

csn,3 

7./ 

Vertical  direction  cosine 

c:sn,3 

7.7 

Vertical  correction 

ALTRIM(i) 

75 

Trimmed  north  range 

Rn(0 

75, 7.6 

Trimmed  east  range 

Rc(i) 

75, 7.6 

Trimmed  vertical  range 

Rv(i) 

75, 7.6 

Laser  off  (Binary) 

LASER  OFF 

75 

Slant  range  to  sighting  point 

Rsriw 

10.1,  75,  External 

Range  trim  available  (Knary) 

RTA 

7.7 

Laser  range  available  (Binary) 

LRA 

7.7 

COMMENTS: 


(a)  The  FT  pod  best  estimate  of  target  position  is  defined  by  value  of  Rw/  and  CSIIi,,  CSII12/  and 
CSII|3  where  the  intersection  point  of  the  FT  cursors  is  positioned  directly  over  the  visual  image 
of  the  target  on  the  FT  VID  dbplay. 

(b)  Position  error  is  difference  between  aircraft  sitting  point  defined  by  (Rxp,  Ryp,  Rzp)  and  FT 
Pod  sighting  point  defined  by  (R^.  CSn,t/  CSn,2,  CSn,3 ),  This  assumes  ru)  error  contribution  due 
to  difference  between  FT  pod  actual  sitting  point  and  absolute  target  position. 

(c)  If  target  absolute  position  with  respect  to  the  aircraft  is  given  by  (Rsict'  CSI,2/  CSI,3 ), 
then  the  error  contribution  due  to  the  difference  between  actual  FT  pod  sighting  point  with 
respect  to  absolute  target  position  is  the  difference  between  R5K;r  and  Rw  . 

(d)  If  the  FT  pod  sightline  is  not  directly  positkmed  over  the  visual  image  of  the  target  on  the 
FT  VID  display,  then  these  may  be  corrected  by  operator  thumb  tracker  inputs,  resulting  in 
perturbations  in  CSn,„  CSn,2,  and  CSn,v  and  hence  perturbations  in  5RN(i),  5RE(i),  and  5Rv(i). 
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(e)  If  track  mode  (non-laser)  has  just  been  entered  from  coarse  cue  mode,  then  initial  values  of 
trimmod  ranges  are  those  last  computed  in  coarse  cue  mode. 

(0  If  laser  fire  was  just  commanded  from  on  to  off,  then  Rmxv(>*U  are  the  values  last  computed 
while  the  laser  was  firing. 

(g)  Altrim  is  the  FT  pod  computed  vertical  correction,  drived  from  thumb-tracker  inputs  by  the 
operator  to  adjust  the  PT  pod  sightline  whilst  in  track  mode. 


1X7  MODULE  7.6;  PT  SIGHTLINE  VECTOR  IN  TRACK  MODE  (WITH 
LASER  HRE) 

PURPOSE: 


To  determine  FT  sightline  vector  in  track  mode,  with  laser  firing. 


INPUTS  (040  Hz): 

Parameter 

Source 

Update 

Pave  tack  prime  (Binary) 

PTPRM 

15 

cs 

Dead-man  switch  depressed  to  1/2  ACTION  (Binary) 

1/2  ACTION 

15 

cs 

Pod  in  track  (Binary) 

PIT 

15 

cs 

Pave  tack  sighting  point  laser  slant  range 

Rsl 

1.6 

cs 

PT  pod  sightline  matrix 

CSI 

1.6 

cs 

Untrinuned  east  range 

Rea 

7.1 

@10  Hz 

UntriiTuned  north  range 

Rna 

7.1 

@10  Hz 

Untrimmed  vertical  range 

Rva 

7.1 

@10  Hz 

Laser  firing  (Binary) 

LSR  FIRE 

15 

cs 

Laser  off  (Binary) 

LASER  OFF 

75 

^Hz 

Time  Laser  Fired 

LSR  TIME 

15 

cs 

Trimmed  north  range 

lUi-l) 

75,  7.6 

@10  Hz 

Trimmed  east  range 

RE(i*l) 

75,  7.6 

@f)Hz 

Trimmed  vertical  range 

Rv(i*l) 

75,  7.6 

@10  Hz 

Smoothed  Altered  north  range 

R^i-1) 

7.6 

@10  Hz 

Smoothed  filtered  east  range 

Re(H) 

7.6 

@10  Hz 

Smoothed  Altered  vertical  range 

Rv<i-1) 

7.6 

@10  Hz 

North  range  trim 

SRN(i*l) 

75,  7.6 

@10  Hz 

East  range  trim 

5RE(i-l) 

75,  7.6 

@10  Hz 

Vertical  range  trim 

5Rv(i-l) 

75,  7.6 

@10  Hz 

Untrimmed  aircraft  rwrth  velocity 

Vna 

7.1 

@40  Hz 

Untrimmed  aircraft  east  velocity 

Vea 

7.1 

@10  Hz 

Untrimmed  aircraft  vertical  vel^ty 

VvA 

7.1 

@10  Hz 

PROCESSING 
Tinung  reference  W 

If  PT  PRM  =  1  and  1/2  ACTION  =  0  and  PIT  =  1  and  LSR  FIRE  =  1  then: 

(a)  csn„  *  CSI„ 


(b)  csn„  *  csi„ 
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(c) csn,3  =  c:sin 

(d)  If  LASER  OFF  =  1  then  set: 

(i)  LASER  OFF  =  0 

(ii)  R(^(i-1)  =  Rjl  CSIIi) 

(>ii)  ~ 

(iv)  Rv{i-1)  =  Ra  CSII.j 
Otherwise  set: 

(i)  R,^i)  =  R,Xi-l)  -  (0.025  V^J 

(ii)  REE(i)  =  RE(i-l)  -  (0.025  VeJ 

(iii)  RevO)  =  Rv(i-1)  -  (0.025  Vva] 

(iv)  RN(i)  =  REN(i)  0.1126  (Ra  CSn„  -  REN(i)l 
(V)  RE(i)  =  R^i)  +  0.1126  (Ra  CSn,i  -  REE(i)l 

(Vi)  Rv(i)  =  REv(i)  +  0.1126  (Ra  CSH,,  -  I^i)! 

(e)  R«L(i)  =  *  RE(i)'  + 

(f)  'i^N(i)  =  Rssi.(‘)  CSIn 

(g)  ^e(>)  =  Rs6l(*)  CSIjj 
(f*)  ^v(0  ~  RsSl(0  CSI|3 

(i)  5R^,(i)  =  5RN(i-l)  +  0.025  [-fr^d)  -  R^d-l)] 

(j)  6RE(i)  =  8RE(i-l)  +  0.025  l-frE{>)  * 

(k)  SRv(i)  =  5Rv(i-l)  +  0.025  ['frxXi)  -  Rv(i-l)l 

(l)  lUi)  =  Rna  +  8RH(i) 

(tn)  RE(i)  =  Rea  ■*"  8RE(i) 

(n)  Rv(i)  =  Rva  8Rv(i) 

(o)  Rgriai  =  (RN(i)^  +  Re(0*  +  Rv(i)*l*^* 

(p)  (i)  If  LSR  FIRE  =  1  for  more  than  1  s,  that  is  time  -  LSR  TIME  >  1,  then  set: 

LRA  =  1 
RTA  =  1 
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(ii)  Otherwise: 
LRA  =  0 
RTA  =  0 

Otherwise: 

exit  from  module 
OUTPUTS  (040  Hz): 


Smoothed  and  Altered  north  range 
Smoothed  and  Altered  east  range 
Smoothed  and  Altered  vertical  range 
Trimmed  north  range 
Trimmed  east  range 
Trimmed  verAcal  range 
North  range  trim 
East  range  trim 
Vertical  range  trim 
North  direcAon  cosine 
East  direcAon  cosine 
VerAcal  direction  cosine 
Range  Aim  available  (Binary) 

Laser  Aim  available  (Binary) 

Slant  range  to  sighting  point 

COMMENTS: 

(a)  Target  absolute  posiAon  with  respect  to  aircraft  is  deAned  by  value  of  Rctct  CS1,2, 

and  CSI,3- 

(b)  PT  pod  best  esAmate  of  target  posiAon  is  defined  by  value  of  Rg^  and  CSIIn/  CSII12,  and 

csn,3. 

(c)  PosiAon  error  is  difference  between  aAaaft  sighting  point  deAned  by  (Rxp,  Ryp/  Rzp)  ^ 
Pod  sighAng  point  deAned  by  (R*^  CSn,,,  CSII,],  CSn,3).  This  assumes  no  error  conAibution  due 
to  difference  between  PT  pod  lasing  point  and  absolute  target  posiAon. 


IX.8  MODULE  7.7;  PT  POD  OUTPUT  PROCESSING  (03125/13  Hz) 

PURPOSE: 

To  output  PT  pod  sighting  point  direcAon  cosines  and  computed  posiAon  correcAons  to 
the  aircraft. 


Parameter 

DestinaAon 

InCO 

7.6 

Ui) 

7.6 

Rv(i) 

7.6 

RN(i) 

75,  7.6 

Re(0 

75,  7.6 

Rv(i) 

75,  7.6 

SRn(1) 

75,  7.6,  7.7 

8Re(i) 

75,  7.6.  7.7 

8Rv(i) 

75,  7.6,  7.7 

csn„ 

7.7 

csn„ 

7.7 

csn^j 

7.7 

RTA 

7.7 

LRA 

7.7 

Rsptsp 

10.1,  7.3,  External 
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INPUTS  (•3125/13  Hz): 


North  direction  cosine 
East  direction  cosine 
Vertical  direction  cosine 
North  range  trim 
East  range  trim 
Vertical  range  trim 
Laser  range  available  (Binary) 
Range  trim  available  (Binary) 

PRCXTESSING: 

Timing  refererKe  t^: 

(a)  CSIIX  =  CSII„ 

(b)  CSIIY  =  CSII„ 

(c)  CSIIZ  =  cos(k  -  cos  *CSII,3) 

(d)  DELRX  =  SRE(i) 

(e)  DELRY  =  5RN(i) 

(0  DELRZ  =  8Rv(i) 

(g)  Set  bit  13  of  PT  STAT  =  RTA 

(h)  Set  bit  11  of  PT  STAT  =  LRA 
OUTPUTS  (03125/13  Hz): 


X  direction  cosine 

Y  direction  cosine 
Z  direction  cosine 
X  correction 

Y  correction 
Z  correction 
PT  status 


Parameter 

Source 

csn„ 

72,73,75.7^ 

csn„ 

72.73.75.7.6 

csn„ 

72.73.75.75 

5R^(i) 

72.73,75.7.6 

6Rs(i) 

72.73.75,7.6 

8Rv(i) 

72.73.75.7.6 

LRA 

72.73.75.7.6 

RTA 

72.73.75.7.6 

Parameter 

Destination 

csnx 

8.1 

csnY 

8.1 

csnz 

8.1 

DELRX 

8.1 

DELRY 

8.1 

DELRZ 

92 

PTSTAT 

8.1 

Update 

040 
040 
040 
040 
040  Hz 
@40  Hz 
040  Hz 
@40  Hz 
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ENTRY 

I 

V 

7.1 

INPUT  PROCESSING  FOR  PT  POD  SIGHTLINE  CONTROL  (@40  Hz) 

I 

V 

7.2 

DETERMINE  PT  POD  SIGHTLINE  VECTOR  (CUE  MODE)  (@40  Hz) 

1 

V 

7.3 

DETERMINE  PT  POD  SIGHTLINE  VECTTOR  (COARSE  CUE  MODE)  (@40  Hz) 

I 

I 

V 

7.4 

DETERMINE  PT  POD  VELOCITY  VECTOR  (TRACK  MODE)  (@40  Hz) 

I 

V 

7.5 

DETERMINE  PT  POD  SIGHTLINE  VECTOR  (TRACK  MODE  WITHOUT  LASER)  (@40  Hz) 

I 

V 

7.6 

DETERMINE  PT  POD  SIGHTLINE  VECTOR  (TRACK  MODE  WITH  LASER)  (@40  Hz) 

I 

V 

7.7 

OUTPUT  PROCESSING  (03125/13  Hz) 

I 

V 

EXIT 


Figure  IX.l:  Sequence  of  events  for  PT  pod  sightline  vector  positioning  (module  7) 
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APPENDIX  X 

FPTS:  PAVE  TACK  POSITION  UPDATING  (MODULE  8) 
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X.1  INTRODUCTION 

The  events  associated  with  module  8  are  illustrated  in  Figure  X.l.  Each  of  the  submodules  of  this 
event  sequence  is  detailed  below. 


X.2  MODULE  8.1:  INPUT  PROCESSING  FOR  PT  POSITION  UPDATING 
(@16  Hz) 


PURPOSE: 

To  sample  input  parameters  required  for  Pave  Tack  position  updating. 
INPUTS  (@16  Hz): 


X  direction  cosine 

Y  direction  cosine 
Z  direction  cosine 
X  correction 

Y  correction 
PT  status 

PROCESSING: 

Timing  reference  t^: 

(a)  Input  CSIIX 

(b)  Input  CSIIY 

(c)  Input  CSIIZ 

(d)  Input  DELRX 

(e)  Input  DELRY 

(f)  cose*  =  CSIIX 

(g)  COS0Y  =  CSIIY 

(h)  COS0Z  =  CSIIZ 

(i)  ARx  =  DELRX 

(j)  ARy  =  DELRY 

(k)  Input  RTA  (Bit  13  of  word  PT  STAT) 

(l)  Input  LRA  (Bit  11  of  word  PT  STAT) 


Parameter 

Source 

Update 

CSIIX 

7.7 

@3125/13 

CSIIY 

7.7 

@3125/13 

CSIIZ 

7.7 

@3125/13 

DELRX 

7.7 

@3125/13 

DELRY 

7.7 

@3125/13 

PTSTAT 

7.7 

@3125/13 
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OUTPUTS  (@16  Hz): 

Parameter 

Destination 

X  direction  cosine 

cosGx 

8.5 

Y  direction  cosine 

COSGy 

8.5 

Z  direction  cosine 

cosGz 

8.3 

X  correction 

ARx 

8.4 

Y  correction 

ARy 

8.4 

Range  trim  available  (Binary) 

RTA 

8.3 

Laser  range  available  (Binary) 

LRA 

8.3 

X.3  MODULE  8.2:  INPUT  PROCESSING  FOR  PT  POSITION  UPDATING 
(@1  Hz) 

PURPOSE; 


To  sample  input  parameters  required  for  pave  tack  position  updating. 


INPUTS  (@1  Hz): 

P-rameter 

Source 

Ujxiate 

Present  position  latitude 

kp 

2.4 

cs 

PROCESSING: 


Timing  reference  t,j; 

(a)  Input  Xp 

(b)  Xpp  —  Xp 

OUTPUTS  (@1  Hz): 

Parameter  Destination 

Sampled  present  position  latitude  Xpp  8.6 

X.4  MODULE  8.3:  PT  POSITION  UPDATING  MODE 

PURPOSE; 

To  determine  PT  pod  position  updating  mode. 


INPUTS  (@16  Hz): 

Parameter 

Source 

Fixpoint  bearing 

4.4 

Fixpoint  bearing 

8.3 

Slant  range 

Rsj(tj) 

3.6 

Ground  range  to  target 

Rcfti) 

4.4 

Height  above  target 

Hc(t,) 

4.1 

Ground  speed 

Vc(t,) 

4.1 
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Z  direction  cosine 

cosez(t2) 

8.1 

@161^ 

Pod  in  track  (Binary) 

PIT 

IS 

cs 

Laser  range  available  (Binary) 

LRA(t2) 

8.1 

@161^ 

Angle  count  flag 

ANGCOUNT(n,4-l) 

83 

@16  Hz 

Position  update  cycle  counter 

PUIP(n,4-l) 

8.7 

@16  Hz 

LRA  detection  counter 

LRACOUNT(n,*-l) 

83 

@16  Hz 

PT  pod  fix  mode 

COND(n,*-l) 

83 

@16  Hz 

Range  trim  available  (Binary) 

RTA(t2) 

8.1 

@16  Hz 

PT  pod  along  track  correction 

CT?(nit  -1) 

83,  8.6 

@16  Hz 

PT  pod  cross  track  correction 

Qrn>(nij-1) 

83,  8.6 

@16  Hz 

Update  cycle  counter 

CONCNT 

83,  10.14 

See 
note  a 

Improved  pressure  altitude  rate 

Ht 

4.1 

@02  Hz 

AIC  dead-man  switch  at  1  /2  action  (Binary) 

1/2  ACTION 

1.5 

cs 

Ground  track 

®T 

4.1 

@02  Hz 

PROCESSING: 


Timing  reference  14: 

(a)  If  PIT  =  0  then  set: 

(i)  RTV  =  0 

(ii)  COND  =  0 

(iii)  ARxifnJ  =  0 

(iv)  ARvifni*)  =  0 

(v)  ARxjfn  J  =  0 

(vi)  ARyjfnJ  =  0 

(vii)  PUIP  =  0 
(viii)  VALVLT  =  0 

(ix)  CONCHG  =  0 

(x)  NOUPDT  =  0 


(xi)  CP  =  0 

(xii)  Ctp  =  0 


(xiii)  CcTP  =  0 
(xiv)  LRADET  =  0 
(XV)  LRACOUNT  =  2 
(xvi)  ANGCOUNT  =  32 
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(XV)  FCFG  =  0 

(XVI)  TCNT  =  0 
exit  from  module 

Otherwise: 

(b)  If  PIT  =  1  then  set: 

RTV  =  1 

(c)  If  LRA  =  1  then: 

(i)  If  LRACOUNT  =  0  then  set: 

LRADET  =  1 

(ii)  Otherwise  set: 

LRACOUNT  =  LRACOUNT  -  1 
LRADET  =  0 
Otherwise  set: 

(i)  LRACOUNT  =  2 

(ii)  LRADET  =  0 

(d)  =  (Re  -t-  He  Vq  cos(9j-9f)|/Rsi^ 

(e)  0F  =  (GpIniJ  -  16  Opslni^  -  1)1 

(f)  0ra(n  J  =  ep(n,^) 

(g)  VALVLT  =  0 

(h)  CONCHG  =  0 

(i)  If  PUIP  *  0  then  set: 

(i)  Cjpln]^)  =  C^ptnij-l) 

(ii)  CcTp(r'i6)  ~  CcTpI*ii6"H 
exit  from  module 

Otherwise: 

(j)  If  |0p|  >  24  degrees/s  or  |3aI  >  24  degrees/s  then  set: 

(i)  NOUPDT  =  1 
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(11)  ANGCOUNT  =  0 
(ill)  CP  =  0 
(iv)  Crp  =  0 
(v>  Qyp  =  0 

(k)  If  |0p|  <  24  degrees/s  and  10^1  ^  24  degrees/s  then: 

(i)  If  ANGCOUNT(n„-l)  =  32  then  set: 

NOUPDT  =  0 

(ii)  Othei  wise  set: 

(i)  ANGCOUNT(n,J  =  ANGCOUNKn,,,  -1)  +  1 

(ii)  NOUPDT  =  1 

(iii)  CP  =  0 

(iv)  Grp  =  0 

(V)  CcTI>  =  0 

(l)  If  LRADET  =  1  and  COND(n,4-l)  ^  then  set: 

(i)  COND  =  1 

(ii)  CONCHG  =  1 

(iii)  ARx3(n,4)  =  0 

(iv)  ARysinij)  =  0 

(m)  0z  =  cos  '(cos9z) 

(n)  3p  =  02  -  90 

(o)  If  LRADET  =  0  and  RTA  =  1  and  Pp  >  15  degrees  and  COND(n,j-l)  *  2  then  set: 

(i)  COND  =  2 

(ii)  CONCHG  =  1 

(iii)  ARx3(n,4)  =  0 

(iv)  ARysfn,^  =  0 

(p)  If  LRADET  =  O  and  CONDfn,^-!)  *  3,  and 
either  (i)  RTA  =  0  or 

(ii)  Pp  <  15  degrees,  then; 
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(i)  COND  =  3 

(ii)  CONCHG  =  1 

(iii)  ARxi(nJ  =  0 

(iv)  *lRYi(niJ  =  0 


(q)  If  CONCHG  =  1  then: 

(i)  CONCNT  =  0 

(ii)  Set  CFTFG  =  0 

(r)  If  CONCHG  =  0  and  CONCNT  24  then  set: 


CONCNT  =  CONCNT  +  1 


Otherwise: 
exit  from  module 
OUTPUTS  (016  Hz): 

Parameter  Destination 


Range  trim  valid  (Binary) 

PT  pod  fix  mode 
Correction  first  time  flag 
Filter  constant  flag 
Update  cycle  count 
LRA  detection  counter 
LRA  detected  (Binary) 

Angle  count  flag 

Valid  voltage  flag 

Update  inhibit  flag 

Stored  fixpoint  true  bearing 

PT  X  correction  term 

PT  Y  correction  term 

Azimuth  Only  X  correction  term 

Azimuth  Only  Y  correction  term 

Along  track  correction 

Cross  track  correction 

Dead-man  switch  flag 


RTV 

8.4,  8.5,  8.6,  8.7 

COND 

8.3,  8.4,  8.5,  8.6,  8.7 

CFTFG 

8.5 

FCFG 

8.4,  8.5 

CONCNT 

8.3,  8.4,  8.5,  8.6,  8.7 

LRACOUNTfn,^) 

8.3 

LRADET(n,s) 

9.3,  9.4 

ANGCOUNTfn,^: 

)  8.3 

VALVLT 

8.7 

NOUPDT 

8.4,  8.5,  8.6 

8.3 

ARx,(n,*) 

8.4 

AEY,(n,4) 

8.4 

AfixalnJ 

8.5 

ARYjfnij) 

8.5 

Ctp 

8.3,  8.8 

Q:tp 

8.3,  8.8 

CP 

8.8 

COMMENTS: 

(a)  Input  parameters  from  module  8.3  are  updated  at  16  Hz;  parameters  from  module  7.3  are 
updated  at  40  Hz. 

(b)  If  COND  =  0,  then  position  updating  is  inhibited. 

If  COND  =  1,  then  position  updating  is  accomplished  using  laser  derived  range  trinns. 
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If  COND  =  2,  then  position  updating  is  accomplished  using  kinematic  derived  range 
trims. 

If  COND  =  3,  then  position  updating  is  accomplished  using  azimuth  only  derived  range 
trims. 

(c)  LRA  detection  is  delayed  by  0.125  s  (time  taken  for  LRACOUNT  to  be  decremented  to  zero) 
after  laser  range  becomes  available  to  accommodate  delay  in  PT  pod  filters  when  using  PT  pod 
computed  laser  derived  position  corrections  for  position  updating. 

(d)  Position  correction  data  is  not  considered  valid  if  LOS  depression  angle  rate,  or  fixpoint 
bearing  rate  exceeds  limits  of  24  degrees/sec  within  the  last  2  s,  ie  until  ANGLECOUNT  has 
been  incremented  to  a  value  of  32.  Flag  NOUPDT  is  set  true,  and  position  updating  is  inhibited 
until  position  data  is  valid  again. 

(e)  If  a  PT  position  update  is  already  in  progress,  (ie  PUIP  *■  24)  then  mode  calculations  are 
bypassed. 

(f)  If  the  PT  Pod  is  not  in  track  then  no  position  corrections  are  available,  and  ]x>sition  updating 
is  inhibited. 

(g)  For  a  constant  value  of  position  update  mode  COND,  CONCNT  is  incremented  by  one  each 
cycle.  This  results  in  a  delay  of  1.5  s  between  the  last  position  update  and  the  first  cycle  of  the 
next  position  update  that  results  from  a  new  value  of  COND. 

(h)  PT  position  updating  mode  is  operator  selectable  during  flight. 


X.5  MODULE  8.4:  PT  POD  POSITION  CORRECTIONS 

PURPOSE: 

To  determine  PT  pod  fix  magnitude  during  PT  position  updating  using  laser  or  kinematic 


range,  trims. 

INPUTS  (@16  Hz): 

Parameter 

Source 

Update 

Range  trim  valid  (Binary) 

RTV 

8.3 

@16  Hz 

Position  update  cycle  counter 

PUlP(n„-l) 

8.7 

@16  Hz 

PT  pod  fix  mode 

COND 

8.3 

@16  Hz 

Update  inhibit  flag 

NOUPDT 

8.3 

@16  Hz 

Update  cycle  counter 

CONCNT 

8.3 

@16  Hz 

X  correction 

ARxdj) 

8.1 

@16  Hz 

Y  correction 

ARY(t2) 

8.1 

@16  Hz 

PT  pod  X  correction 

ARxi(n,j-l) 

8.3,  8.4 

@16  Hz 

PT  pod  Y  correction 

ARYi(n,t-l) 

8.3,  8.4 

@16  Hz 

Filter  constant  flag 

FCFG(n„-l) 

8.3,  8.6 

@16  Hz 

PROCESSING: 


Timing  reference  t4: 

(a)  If  RTV  =  0  or  NOUPDT  =  1  or  COND  =  3  or  PUlP(n„-l)  0  then: 
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exit  from  module 

(b)  If  NOUPDT  =  0  and  COND  *  1  and  CONCNT  *  24  then; 

exit  from  module 
Otherwise: 

(c)  ARxifn,^)  =  ARx 

(d)  ARY,(n,t)  =  ARy 

(e)  (i)  If  FCFG  =  1  then  set; 

ARx2  =  ARx,  -  0.2555  ARxifn.^-l) 

ARy2  =  ARyi  -  0.2555  ARyifni^-l) 

(ii)  Otherwise  set; 

ARx2  =  ARx,  -  0.9394  ARxifn,^-!) 

ARy2  =  ARy,  -  0.9394  ARy,(n,6-l) 

(f)  ARxp  =  ARx2 

(g)  ARyp  =  ^Ry2 

(h)  Kth  =  17.5x10-^ 

OUTPUTS  (@16  Hz): 

Parameter 


X  correction  ARxp 

Y  correction  ARyp 

Threshold  Kjh 

PT  Pod  X  correction  ARx, (0,4) 

PT  Pod  Y  correction  ARy,(n,^ 


Destination 

8.6 

8.6 

8.6 

8.4 

8.4 


X.6  MODULE  8.5:  AZIMUTH  ONLY  POSITION  CORRECTIONS 

PURPOSE: 

To  determine  PT  fix  magnitude  during  azimuth  only  updating. 


INPUTS  (@16  Hz): 

Parameter 

Source 

Update 

Range  trim  valid  (Binary) 

RTV 

8.3 

@16  Hz 

Position  update  cycle  counter 

PUlP(n,»-l) 

8.7 

@16  Hz 

PT  pod  fix  mode 

COND 

8.3 

@16  Hz 

Up^te  inhibit  flag 

NOUPDT 

8.3 

@16  Hz 
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Update  cycle  counter 

CONCNT 

8.3 

@16  Hz 

Azimuth  only  X  correction 

ARxsInu-l) 

8.3,  8.5 

@16  Hz 

Azimuth  only  Y  correction 

ARyj(n,t  -1) 

8.3,  8.5 

@16  Hz 

Filter  constant  flag 

FCFG(n,.-l) 

8.3,  8.6 

@16  Hz 

Correction  first  time  flag 

CFTFG 

8.3,  8.5 

@16  Hz 

X  aimpoint  range 

Rxp 

4.4 

@16  Hz 

Y  aimpoint  range 

Ryp 

4.4 

@16  Hz 

Z  aimpoint  range 

Rzp 

4.4 

@16  Hz 

X  direction  cosine 

COS0X  8.1 

@16 

Hz 

Y  direction  cosine 

COS0y  8.1 

@16 

Hz 

PROCESSING; 

Timing  reference  t*: 

(a)  if  RTV  =  0  or  NOUPDT  =  1  or  CONCNT  24  then: 

exit  from  module 

(b)  If  NOUPDT  =  0  and  COND  *  3  then: 

exit  from  module 
Otherwise; 

(c)  Rcpi  =  (Rxp^  + 

(d)  Rsp  =  (Rxp'  +  Ryv^  +  Rzp'P 

(e)  Rxpj  =  Rsp  cosO* 

(f)  Rypj  =  Rsp  cosSy 

(g)  Rcpj  =  IRxra^  Rypj^I'* 

(h)  Rxp3  =  (Rcpi/Rcral  Rxpj 

(i)  Rypj  =  (Rcpi/Rcral  Ryn 

(j)  AR)(3  =  RxP3  -  Rxp 

(k)  ^Ry3  —  RyP3  “  Ryp 

(l) IfCFTFG  =0  then  set: 


(i)  ARxjInJ  =  ARx3(n,s) 


(ii)  ARysIn^s)  —  ARysInj^ 

(iii) CFTFG  =  1 

(m)  ARx3(n)^)  =  ARx3{nij-l)  +  l/16(ARx3(ni4)  *  ARx3(n[s-l)l 
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(n)  ARyjln,,)  =  ARyjin,^-!)  +  1 /16(ARy3(n,^)  -  ARyjtn,^  -1)| 

(o)  It  PL'IP  =  0,  then; 

exit  from  module 

(p)  If  PUIP  =  0  and  FCFG  =  1  then  set: 

(i)  dRx4  =  dRyj  -  0.2555  dRyalni^-l) 

(ii)  ARy4  =  ARy3  -  0.2555  ARy3(n,4-l) 

(q)  If  PUIP  =  0  and  FCFG  =  0  then  set: 

(i)  ARy4  =  ARyj  -  0.9394  AR^In,,-!) 

(ii)  ARy4  =  ARy3  -  0.9394  ARy3(n,^-l) 

(r)  ARxp  =  ARx4 

(q)  ARyp  =  ARy4 

(r)  Km  =  n7.5  +  0.001  Rsp)  10-* 


OUTPUTS  (@16  Hz): 


Parameter 

Destination 

X  correction 

ARxp 

8.6 

Y  correction 

ARyp 

8.6 

Threshold 

Kth 

8.6 

Filter  first  time  flag 

CETFGfnij) 

8.5 

Azimuth  only  X  correction 

ARx3 

8.5 

Azimuth  only  Y  correction 

ARY3 

8.5 

COMMENTS: 

(a)  Azimuth  only  corrections  are  utilised  for  position  updating  if  the  PT  pod  sightline  depression 
angle  is  less  than  IS". 

(b)  Corrections  are  computed  based  on  the  change  in  pod  sightline  as  detected  by  a 
corresponding  change  in  PT  pod  direction  cosines.  Corrections  do  not  affect  the  magnitude  of 
slant  range  to  the  PT  sighting  point. 


X.7  MODULE  8.6:  POSITION  CORRECTION  SLEWING  SIGNALS 

PURPOSE: 

To  determine  magnitude  and  duration  of  slewing  signals  to  be  applied  to  effect  PT 
position  updating. 
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INPUTS  (@16  Hz); 


Paranneter 

Source 

Update 

Range  trim  valid  (Binary) 

RTV 

8.3 

@16  Hz 

Position  update  cycle  counter 

PUIP(n,.-l) 

8.7 

@16  Hz 

PT  |X)d  fix  mode 

COND 

8.3 

@16  Hz 

Update  inhibit  flag 

NOUPDT 

8.3 

@16  Hz 

Update  cycle  counter 

CONCNT 

8.3 

@16  Hz 

X  correction 

ARxp 

8.4,  8.5 

@16  Hz 

Y  correction 

ARyp 

8.4,  8.5 

@16  Hz 

Ground  track 

0p(t,) 

4.1 

@32  Hz 

Present  position  latitude 

^pp(t,j) 

8.2 

@1  Hz 

Threshold 

KpH 

ri  a  n  ^ 

0.-*,  O.^ 

@16  Hz 

PROCESSING: 

Timing  reference  t,: 

(a)  If  RTV  =  0  or  NOUPDT  =  1  or  PUIP  (n,(,-l)  ^  0  then: 

exit  from  module 

(b)  If  NOUPDT  =  0  and  COND  *  1  and  CONCNT  *  24  then: 

exit  from  module 
Otherwise: 


(c)  AR^-jti  =  ;^R^p  COS0T  *  4^Ryp  sinG-j- 

(d)  ARj-p  —  AR^P  sinGp  +■  ARyp  cosG-p 

(e)  (i)  Kp  =  ARpp/{10126.25  cosXpp)  for  0.1  s  |cosXppl  <  1.0 
(ii)  Kp  =  ARpp/(10126.25  x  0.7)  for  |cosX.ppi  <  0.1 

(f)  (i)  Kcp  =  ARcpp/(10126.25  cosXpp)  for  0.1  <  |cosX.pp|  <1.0 
(ii)  Kct  =  ARcpp/(10126.25  x  0.7)  for  |cosX.pp|  <  0.1 

(g)  (i)  If  [Kplj^gs  >  lK<;ply^8s  then  K^iyy,  =  (Kpl^gs 

(ii)  Otherwise:  =  (KcpUbs 

(h)  Kmax  <  KpH  then  set: 

FCFG  =  0 
exit  from  module 
Otherwise  set: 

FCFG  =  1 


UNCLASSIFIED 


181 


ERL<0656>RR 


UNCLASSIFIED 


(i)  LFCOR  =  2  inl(1.6  ^  1) 

(j)  If  LTCOR  >  8  then  set: 

LTCOR  =  8 

(k)  TCOR  =  LTCOR  /  16 

(l)  VKrp  =  1.2  K,  /  TCOR 

(m)  VKctp  =  T2  Kct  /  TCOR 

(n)  tcoR  =  TCOR 

(o)  if  VKyp  >  +5  VAC  then  set; 

VKtp  =  -^5  VAC 

(p)  If  VKpp  <  -5  VAC  then  set: 

VKtt  =  -5  VAC 

(q)  If  VK<;rp  >  ^-5  VAC  then  set: 

VKctp  =  +5  vac 

(r)  If  VKcjp  <  -5  VAC  then  set: 

VKctt  =  -5  VAC 

(s)  Qpp  =  VKctt  10126.25  cosA.,,p 

(t)  Ctp  =  VKpp  10126.25  cosXpp 

(u)  Set  VALVLT  =  1 
OUTPUTS  (@16  Hz); 

Parameter  Destination 

Pave  tack  along  track  correction  Cp,.  8.3,  8.8 

Pave  tack  cross  track  correction  Cctt  8.3,  8.8 

Computed  correction  time  LTCOR  8.7 

Dead-man  switch  duration  tcoR  8-8 

Valid  voltage  flag  VALVLT  8.7 

Filter  constant  flag  FCPCfn,*)  8.4, 8.5 

COMMENTS: 

(a)  Flag  VALVLT  is  set  true  if  computed  correction  voltages  are  valid. 

(b)  Filter  constant  flag  is  set  true  if  time  lapsed  from  last  computation  is  only  1  /16  s  (ie  one  cycle 
time). 
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i  (c)  LTCOR  is  the  number  of  1/16  s  that  gives  the  time  that  CP  is  to  be  set  to  1. 

(d)  Time  of  correction  is  the  number  of  1/8  s  such  that  it  is  the  next  larger  integer  greater 

than  1.6  must  be  multiplied  by  two  to  obtain  the  number  of  1/16  s  for  time  of 

correction. 

(e)  If  is  less  than  the  threshold,  then  no  position  updating  is  initiated. 

X.8  MODULE  8.7:  POD  FIX  IN  PROGRESS  STATUS 

PURPOSE: 

To  determine  if  pod  fix  is  in  progress. 


INPUTS  (@16  Hz); 


Parameter 

Source 

Update 

Range  trim  valid  (Binary) 

RTV 

8.3 

@16  Hz 

Position  update  cycle  counter 

PUlP(n„-l) 

8.7 

@16  Hz 

PT  pod  fix  mode 

COND 

8.3 

@16  Hz 

Update  cycle  counter 

CONCNT 

8.3 

@16  Hz 

Valid  voltage  flag 

VALVLT 

8.3,  8.6 

@16  Hz 

Computed  correction  time 

LTCOR 

8.6 

@16  Hz 

Dead-man  switch  flag 

CP(n„  -1) 

8.7 

@16  Hz 

Dead-man  switch  duration  counter 

TCNT(n„-l> 

8.7 

@16  Hz 

PROCESSING: 


Timing  reference  14; 

(a)  If  RTV  =  0  then: 

exit  from  module 

(b)  If  VALVLT  =  1  then  set: 

(i)  TCNT  =  LTCOR 

(ii)  PUIP(n  J  =  24 

(iii)  CP  =  1  (for  time  tcoR) 
exit  from  module 

(c)  If  VALVLT  =  0  then; 

(i)  If  TCNT  =  0  then  set: 


CP  =  0 


(ii)  If  TCNT  ^  0  then  set: 


< 
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TCNT  =  TCNT-1 


cr(n„)  =  CP(ni,-l) 


(c)  (i)  If  PUIP(ni„-l)  =  0  then  set: 

PUlP(n„)  =  PUIP(n„-l) 

(ii)  If  PUIP(n,^)  *  0  then  set: 

PUlP(n„)  =  PUlP(n„)  -  1 

Destination 

8.3,  8.4,  8.5,  8.6,  8.7 
8.7,  8.8 
8.7 

COMMENTS: 


OUTPUTS  {@16  Hz): 


Parameter 


Pod  update  cycle  counter  PUlP(n,(,) 

Dead-man  switch  flag  (Binary)  CP(n,4) 

Dead-man  switch  duration  counter  TCNT(n,b) 


(a)  TCNT  is  the  number  of  16  Hz  rate  group  cycles  during  which  CP  is  1  (ie  for  time  period 
fcOR^- 


(b)  PUIP  is  the  1.5  s  cycle  timer. 


X.9  MODULE  8.8:  OUTPUT  PROCESSING  FOR  PT  POSITION  UPDATING 
(@16  Hz) 

PURPOSE. 


To  output  computed  along  track  and  cross  track  correction  signals. 


INPUTS  (@16  Hz): 

Parameter 

Source 

Update 

PT  along  track  correction 

Ctp 

8.3,  8.6 

@16  Hz 

PT  cross  track  correction 

Q:tp 

8.3,  8.6 

@16  Hz 

Dead-man  switch  depressed  (Binary) 

Cp 

8.3.  8.7 

@16  Hz 

Dead-nnan  switch  duration 

Icon 

8.6 

@16  Hz 

PROCESSING: 

Timing  reference  t*: 

(a)  Convert  Q;tp  from  digital  to  analog  form 

(b)  Convert  Cyp  from  digital  to  analog  form 

(c)  Convert  CP  from  digital  to  analog  form 

(d)  CcT  =  Q;tp 
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(e)  Ct  =  Cyp 

(f)  Cp  =  CP 


*AIC  -  koR 


(h)  Output  Qt 

(i)  Output  Cp 

(j)  Output  Cp  (for  time  t^ic) 
OUTPUTS  (@16  Hz): 


Alor^g  track  correction  signal 
Cross  track  slewing  signal 
Dead-man  switch  depressed  (Binary) 
Dead-man  switch  duration 


Parameter 


Ct 

CcT 

Cp 

*AIC 
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Destination 

6.3 

6.3 

2.4,  2.5,  6.3 
2.4,  2.5 
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ENTRY 

I 

i 

V 

8.1 

PERFORM  INPUT  PROCESSING  FOR  PT  POSITION  UPDATING  (@16  Hz) 

I 

1 

V 

8.2 

PERFORM  INPUT  PROCESSING  FOR  PT  POSITION  UPDATING  {@1  Hz) 

i 

V 

8.3 

DETERMINE  PAVE  TACK  POSITION  UTDATING  MODE  (@16  Hz) 

I 

V 

8.4 

DETERMINE  PAVE  TACK  POSITION  CORRECTIONS  (@16  Hz) 

! 

V 

8.5 

DETERMINE  AZIMUTH  ONLY  POSITION  CORRECTIONS  (016  Hz) 

i 

V 

8.6 

DETERMINE  BOMB  AND  NAVIGATION  SYSTEM  CORRECTION  SLEWING  SIGNALS 

(@16  Hz) 

I 

V 

8.7 

DETERMINE  IF  POD  FIX  IS  IN  PROGRESS  (@16  Hz) 

I 

V 

8.8 

PERFORM  OUTPUT  PROCESSING  FOR  PT  POSITION  UPDATING  (@16  Hz) 

I 

V 

EXIT 


Figure  X.l:  Sequence  of  events  for  Pave  Tack  position  updating  (module  8) 
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APPENDIX  XI 

FPTS:  PAVE  TACK  ALTITUDE  CALIBRATION  (MODULE  9) 
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XI.l  INTRODUCTION 


T  events  associated  with  module  9  are  illustrated  in  Figure  XI.l.  Each  of  the  submodules  of 
this  event  sequence  is  detailed  below. 

XI.2  MODULE  9.1:  INPUT  PROCESSING  FOR  PT  ALTITUDE 
CALIBRATION  (@32  Hz) 

PURPOSE; 

To  determine  values  of  parameters  required  for  PT  altitude  calibrahon. 

INPUTS  (@32  Hz): 


LARA  altitude  calibrate  (Binary) 
PT  altitude  calibrate  (Binary) 

PROCESSING: 

Timing  reference  t,; 

(a)  Input  PT  ALT  CAL 

(b)  Input  AC 
OUTPUTS  (@32  Hz): 


LARA  altitude  calibrate 
PT  altitude  calibrate 


Parameter 

Source 

U'pdate 

AC 

1.5 

cs 

PT  ALT  CAL 

1.5 

cs 

Parameter 

AC 

PT  ALT  CAL 


Destination 

9.3,9.4 
9.3,  9.4 


XI.3  MODULE  9.2:  INPUT  PROCESSING  FOR  PT  ALTITUDE 
CALIBRATION  (@16  Hz) 

PURPOSE; 

To  determine  values  of  parameters  required  for  PT  altitude  calibration. 

INPUTS  (@16  Hz): 


Z  range  trim 
PROCESSING; 
Timing  reference  tj; 

(a)  Input  DELRZ 

(b)  ARz  =  DELRZ 


Parameter 

DELRZ 


Source 

7.7 


Update 
@3125/13  Hz 
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OUTPUTS  (®16  Hz): 


Parameter  Destination 


Z  correction 


9.3, 9.4 


XL4  MODULE  9.3:  PAVE  TACK  ALTITUDE  CALIBRATION  TERM 

PURPOSE: 

To  determine  magnitude  of  vertical  correction  term  obtained  when  firing  the  laser  to 
accomplish  pave  tack  altitude  calibration. 


INPUTS  {®16  Hz): 


Parameter 

Source 

Update 

PT  calibration  mode  (Binary) 

PT  ALTCALft,) 

9.1 

@SHz 

LARA  altitude  calibrate  mode  (Binary) 

AC(t,) 

9.1 

®SHz 

Z  correction 

ARz(t,) 

9.2 

®l6Hz 

PT  altitude  calibration  term 

ARzcalI^u'II 

9.3 

®16Hz 

HAT  calibration  term 

9.3,  9.4 

®16Hz 

Stored  Z  calibration  term 

ARzsT(t'i6*U 

9.3,  9.4 

®16Hz 

Update  counter 

UDCNT  .-1) 

9.3,  9.4 

®16Hz 

LRA  detected  (Binary) 

lrade;  .4) 

8.3 

®I6Hz 

PROCESSING. 

Timing  reference  t^: 

(a)  If  AC  =  1  then  set: 

(i)  UDCNT(n,»)  =  0 

(ii)  AR^cal  “  0 

(iii)  AR^hat  *  ^ 

(iv)  AR2ST  —  0 

(v)  AF^  =  0 

exit  from  module 

(b)  If  PT  ALT  CAL  =  0  then: 

exit  from  module 
Otherwise; 

(c)  ARzcaL  ~  ^  ^RzHATf*'l4*I) 

(d)  AR2}{aT  ~  ® 


UNCLASSIFIED 


192 


UNCLASSIFIED 


ERL<0656'RR 


(e)  If  LRADET  =  1  and  LDCNTin  „-l)  =  0  then  set; 

(i)  UDCNT(n  „)  =  15 

(II)  ^  AR^  -  0.403  AR^sTlnii-l) 

(III)  AR^c^i^  =  AR/cal  ~ 

(IV)  AR,t.  =  AR^ 

(f)  If  LI.rvDET  =  1  and  UDCNT(n.„-l)  *  0  then  set: 

UDC.\T(n,„)  =  UEXZNKn,.)  -  1 

(g)  If  LRADET  =  0  then  set; 

(i)  AR/at  ~  0 
(11)  LDCNKn.J  =  0 

(h)  AHp  =  AR^cal  -^I^zhai 
OUTPUTS  (@16  Hz): 

Pressure  altitude  correction 
PT  altitude  calibration  temn 
HAT  calibration  temn 
Stored  Z  calibration  term 
Update  count 

COMMENTS; 

(a)  PT  pod  z  range  trims  are  only  utilised  to  update  pressure  altitude  if  laser  is  firing. 

(b)  If  the  laser  is  not  firing  then  the  AR2CA1.  correction  term  is  retained  at  the  last  computed 
value. 

(c)  If  a  LARA  altitude  calibration  mode  is  selected  then  the  pressure  altitude  correction  term  is 
reset  to  zero. 

(d)  If  PT  altitude  calibration  mode  is  selected  then  only  the  ARzcal  component  of  pressure 
altitude  correction  term  is  updated. 

(e)  PT  altitude  calibration  mode  is  operator  selectable  during  flight. 

X1.5  MODULE  9.4:  HAT  ALTITUDE  CALIBRATION  TERM 

PURPOSE. 

To  determine  magnitude  of  vertical  correction  term  obtained  when  firing  the  laser  to 


Paranneter 

AHp 

^J^ZCAL^tl,p) 

ARzstln,*) 

UDCNT(n,p) 


Destination 

9.5 

9.3,  9.4 
9.3,  9.4 
9.3,  9.4 
9.3,  9.4 
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accomplish  a  pave  tack  HAT  calibration. 


INPUTS  (®16  Hz): 


Bomb  mode  (Binary) 

Auto  bomb  V Binary) 

PT  calibration  mode  (Binary) 

LARA  altitude  calibrate  mode  (Binary) 
Z  correction 

PT  altitude  calibration  term 
HAT  calibration  term 
Stored  Z  calibration  term 
Update  count 
LRA  detected  (Binary) 


Parameter 

Source 

BM(t,) 

4.1 

AB(t,) 

4.1 

PT  ALT  CAL(t,) 

9.1 

AC(t,) 

9  1 

ARz(t2, 

9.2 

9.3 

■^I^zHAffni*-!) 

9.3,  9.4 

ARzyxfnj^-l ) 

9.3,  9.4 

UDCNT(n,*-l) 

9.3,  9.4 

LRADET 

8.3 

PROCESSING; 

Timing  reference  t,; 

(a)  If  AC  =  1  or  PT  ALT  CAL  =  1  then. 

exit  from  module 

(b)  If  BM  =  0  and  AB  =  0  then  set: 

(i)  AR^hax  ”  0 

(ii)  ARzsx  =  0 

(iii)  UDCNT(n„)  =  0 

(iv)  AHp  =  AR^cal  “^Rzhat 
exit  from  module 

Otherwise; 

(c)  If  LRADET  =  1  and  UDCNTfn.*-!)  =  0  then  set: 

(i)  UDCNT(n,»)  =  15 

(ii)  AR2HU0  =  ARj  ■  0.403  dRjjffnjj-l) 

(iii)  AR2HAT  “  ^^ZHAT 

(iv)  AR2ST  “  ARz 

(0  If  LRADET  =  1  and  UDCNT(n,*)  *  0  thm  oel: 

UDCNT(n,4)  =  UDCNT(n,*-l)  -  1 
(g)  If  LRADET  =  0  then  set: 


UNCLASSIFIED 


Update 


194 


SF  3:  ?  ?  3:  SF  ?  ?  SF 


UNCLASSIFIED 


ERL-0656-RR 


(ii)  UDCNT(n,J  =  0 


(h)  AH[>  -  +  AR^hat 

OUTPUTS  (@16  Hz): 


Parameter 


Destination 


Pressure  altitude  correction 
HAT  calibration  term 
Stored  Z  calibration  term 
Update  count 

COMMENTS; 


AHp 

ARzsT^tVib) 

UDCNT(n,J 


9.5 

9.3,  9.4 
9.3,  9.4 
9.3,  9.4 


(a)  If  the  laser  is  not  firing  then  the  ARzhat  correction  term  is  retained  at  the  last  computed 
value. 

(b)  If  PT  HAT  calibration  mode  is  selected  then  only  the  ARzhat  component  of  pressure  altitude 
correction  term  is  updated. 

(c)  If  PT  altitude  calibration  mode  is  selected  then  the  AR^^t  component  of  pressure  altitude 
correction  term  is  reset  to  zero. 

(d)  The  AR^hat  'S  only  computed  if  AUTO  BOMB  mode  is  selected.  If  AUTO  BOMB  mode 
is  not  selected  then  the  AR^hat  ferm  is  reset  to  zero. 


XI.6  MODULE  9.5:  OUTPUT  PROCESSING  FOR  PT  ALTITUDE 
CALIBRATION  (@16  Hz) 

PURPOSE: 

To  convert  computed  value  of  altitude  correction  terms  from  digital  to  analog  form  for 
pressure  altitude  determination. 


INPUTS  (@16  Hz): 


Pressure  altitude  correction 


Parameter 


Source 


9.3,  9.4 


Update 
@16  Hz 


PROCESSING: 


Timing  reference  t^: 

(a)  Convert  AH,,  from  digital  to  analog  form 


OUTPUTS  (@16  Hz): 


Parameter 


Destination 


Pressure  altitude  correction 
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COMMENTS; 

(a)  Parameter  value  is  dependent  on  prior  history  of  flight.  A  discrete  change  in  value  indicates 
the  start  of  a  new  event. 


- - - - - — . — -  ( 
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ENTRY 

1 

V 

9.1 

INPUT  PROCESSING  FOR  PT  ALTITUDE  CALIBRATION  (®32  Hz) 

I 

V 

9.2 

INPUT  PROCESSING  FOR  PT  ALTITUDE  CALIBRATION  (@16  Hz) 

I 

V 

9.3 

DETERMINE  PT  ALTITUDE  CORRECTION  TERM  (@16  Hz) 

I 

V 

9.4 

DETERMINE  HAT  CORRECTION  TERM  (@I6  Hz) 

1 

V 

9.5 

OUTPUT  PROCESSING  FOR  PT  ALTITUDE  CALlbRATlON  (@16  Hz) 

I 

V 

EXIT 


Figure  XI.l:  Sequence  of  events  for  PT  altitude  calibration  (module  9) 
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APPENDIX  XII 

FPTS:  POSITION  OF  TARGET  RELATIVE  TO  AIRCRAFT 

(MODULE  10) 
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XI1.1  INTRODUCTION 

The  events  associated  with  module  10  are  illustrated  in  Figure  XII. 1.  Each  of  the  subnruxlules  of 
this  event  sequence  are  detailed  below. 

Xn.2  MODULE  10.1:  FT  POD  SIGHTLINE  RATE  AIDING  SIGNALS 

(@40  Hz) 

PURPOSE: 

To  determine  PT  Pod  sightline  rale  aiding  signals. 


INPUTS  (@40  Hz): 


Parameter 

Source 

Update 

Pave  tack  prime  (Binary) 

PT  PRM 

1.5 

cs 

Dead-man  switch  depressed  to  1/2  action 
(Binary) 

1/2  ACTION 

1.5 

cs 

Pod  in  track  (Binary) 

PIT 

1.5 

cs 

]  sightline  velocity  component 

V, 

7.4 

@40  Hz 

K  sightline  velocity  component 

Vr 

7.4 

@40  Hz 

Slant  range  to  sighting  point 

R^ptsp 

7.5,  7.6 

@40  Hz 

Pitch  integration  correction  for 
(elevation)  hand  control 

HJINT 

11.15,  10.1 

@40  Hz 

Yaw  integration  correction  for 
(azimuth)  hand  control 

HKINT 

11.15,  10.1 

@40  Hz 

Elevational  operator  adjustment 

DelElevation 

11.17 

cs 

Azimuthal  operator  adjustment 

DelAzimuth 

11.17 

cs 

PROCESSING: 


Timing  reference  tjo; 

If  PT  PRM  =  1  and  1/2  ACTION  =  0  and  PIT  =  1,  then: 

(a)  HJINT  =  HJINT  +  DelElevation  /  40 

(b)  0)R,  =  Vk/Rsttsp  +  HJINT 

(c)  HKINT  =  HKINT  +  DelAzimuth  /  40 

(d)  (Owe  =  -  V,  /  Rsptsp  +  HKINT 

(c)  If  I  (Ori  I  <  61.0  X  lO”*  rad  s  '  then: 

Set  (Orj  =  0.0  rad  s  ' 

(d)  If  1  (Or,  1  >  2.0  rad  s  '  then: 

Set  (Or,  =  ±2.0  rad  s  ' 


Otherwise: 


UNCLASSIFIED 


203 


ERL^M5«>RR 


UNCLASSIFIED 


exit  from  module 


OUTPUTS  (®40  Hz); 


Parameter 

Destination 

Sightline  pitch  (elevation)  rate 

103.  10.4.  75 

Sightline  yaw  ^azimuth)  rate 

(*)rk 

103 

Pitch  integration  correction  for 
(elevation)  hand  control 

HJINT 

10.1 

Yaw  integration  correction  for 
(azimuth)  hand  control 

HMNT 

10.1 

COMMENTS: 


(a)  V]  and  are  components  of  airaaft  velocity  along  the  sightline  axes  ]  and  K  (see 
Appendix  I  for  details  of  the  coordinate  systems  u^)  and  ate  used  to  generate  rate-aiding 
signals.  These  signals  attempt  to  compensate  for  sightline  drift  caused  by  aircraft  motion  and 
assist  the  operator  in  maintaining  tar^  designation  in  track  mode. 

(b)  Sightliiui  pitch  rate  signals  are  limited  to  the  range  61.0x10'*  <  |  o>|,  |  <  2.0  rad  s  '. 

XII.3  MODULE  lOJ:  CALCULATION  OF  AIRCRAFT  TO  INERTIAL 
MATRIX  (040  Hz) 


PURPOSE: 

To  calculate  the  matrix  that  transforms  the  inertial  coordinate  system  to  the  aircraft 
reference  frame  and  calculates  the  aircraft  coordinate  ranges  to  the  target 


INPUTS  (@40  Hz): 

Parameter 

Source 

Update 

Aircraft  yaw  angle 

Yaw* 

External 

cs 

Aircraft  pitch  angle 

Pitch* 

External 

cs 

Aircraft  roll  angle 

RoU* 

External 

cs 

Pod  in  track  (Binary) 

PIT 

15 

cs 

Cue  mode  status  indicator  (Binary) 

CueButton 

15 

cs 

Pave  tack  prime  (Binary) 

PTPRM 

15 

cs 

Perfect  operator  selected  (Knary) 

PerfoctOp 

112 

cs 

True  north  range 

NR 

105 

cs 

True  east  range 

ER 

105 

cs 

True  vertical  range 

VR 

105 

cs 

Arbitary  point  on  sight  line 

LoS 

72 

®40Hz 

PROCESSING: 

Timing  reference  tjg: 

If  PT  PRM  a  1.  then 

(a)  Construct  yaw  transformation  matrix 

'V  for  yaw  an^  Yaw* 
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(b)  Constnict  pitch  transformation  matrix  6  from  pitch  angle  Pitchy 

(c)  Construct  roll  trarrsformation  matrix  from  roll  angle  RolU 

(d)  CAI  =  ©  4* 

(e)  Activate  module  10.5 

(0  If  Perf^tOp  =  0,  or  PT  PRM  -  1  and  CueButton  >  1  aivl  PIT  »  0  then  set: 

(i)  Ranges,  =  NR 

(ii)  RangeSi  =  ER 

(iii)  RangeS3  =  VR 
Otherwise: 


(i)  Ranges,  =  LoS, 

(ii)  Ranges2  =  LoSj 

(iii)  Rangesj  =  L0S3 

(g)  T  =  CAI  Ranges 

(h)  If  Tj  S  0  then  : 

(i)  Inhibit  s  True 

(ii)  PIT  =  0 

(iii)  1/2  ACTION  =  0 

(iv)  CueButton  =  1 

(v)  LSR  ARM  =  0 

(vi)  LSR  FIRE  »  0 
Otherwise: 

Inhibit  3  False 

Destination 

103,  10.4,  73 
10.4 
13 
13 
13 
13 


OUTPUTS  (040  Hz): 


Parameter 


Inertial  to  aircraft  transformation  matrix  CAI 

Aircraft  coordinate  ranges  to  the  target  T 

Laser  armed  (Binary)  LSR  ARM 

Laser  firing  (Binary)  LSR  FIRE 

Pod  in  track  (Binary)  PIT 

Dead-man  switch  at  half  action  (Binary)  1/2  ACTTION 
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Cue  mode  status  indicator  (Binary)  CueButton  IS 

Inhibited  region  indicator  (Binary)  Ii\hibit  11.14,  11.15,  External 

COMMENTS; 

(a)  The  reader  is  referred  to  Appendix  I  for  full  details  of  the  coordinate  systems  and  associated 
transformations  adopted  in  the  simulation. 

(b)  In  this  instance,  external  input  refers  to  data  relating  to  the  pre-generated  flight  profile  of  the 
aircraft. 

(c)  A  very  simple  inhibited  region,  represented  by  the  upper  hemisphere  of  the  aircraft,  is  used 
in  this  simulation.  It  should  be  noted  that  this  is  not  in  any  way  a  true  representation  of  the 
true  inhibited  region  of  the  aircraft.  The  effect  of  entering  ^is  region  is  illerstrated  in  process 
(h). 


XII.4  MODULE  10.3:  PT  POD  SIGHTLINE  DIRECTIONAL  COSINES, 
WITH  MANUAL  OPERATOR  («40  Hz) 

PURPOSE: 

To  determine  PT  Pod  directional  cosines  from  rate  aiding  ugnals  (where  appropriate)  and 
operator  adjustments. 

Inputs: 

Parameter  Source  Update 

FT  PRM  15  cs 

1/2  ACTION  15  cs 

PIT  15  cs 

(Ok,  10.1 

cSk  10.1  9i0HE 

11.17  CS 

*  1117  cs 

CAl  102 

PerfectOp  112  cs 

HorNat  15  cs 

PV  15  cs 

PROCESSING: 

Timing  reference  tjo: 

If  PT  PRM  *  1,  and  PerfectOp  *  0  then: 

(a)  Outer  RoU(n-l)  =  tan’(-Tj/Tj) 

(b)  Outer  Pitch(n-1)  *  tan  '[-(T2*+Tj*)*‘/TJ 

(c)  Inner  Yaw(n-l)  =  0 


Pave  tack  prime  (Binary) 

Dead-man  switch  depressed  to  1/2  ACTION 
(Binary) 

Pod  in  track  (Binary) 

Sightline  pitch  (elevation)  rate 
Sightline  yaw  (azimuth)  rate 
Elevational  operator  adjustment 
Azimuthal  operator  adjustment 
Inertial  to  aircraft  transformation  matrix 
Perfect  operator  selected  (Knary) 

Horizon  natural  selected  (Binary) 

Pave  tack  pod  view  selected  (Bbtary) 
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(d)  If  1/2  ACTION  =  0  and  PIT  =  1,  th«T: 

Inner  Yaw(n)  =  Inner  Yaw(n-l)  +  oannZ-IO  -r 
Outer  Pitch(n)  =  Outer  Pitch(n-l)  +  a)|i|/40  + 

Otherwise: 

If  1/2  ACTION  =  1  and  PIT  =  0,  then: 

Irmer  Yaw(n)  =  Inner  Yaw(n-l)  + 

Outer  Pitch(n)  =  Outer  Pitch(n-1)  +  5t, _ _ 

(e)  If  Inrter  Yaw(n)  >  Jt  then: 

Inner  Yaw(n)  =  -2jt  +  Inner  Yaw(n) 

Otherwise  If  Inner  Yaw(n)  <  -w  then: 

Inner  Yaw(n)  =  2jt  +  Inner  Yaw(n) 

(0  Corrstruct  yaw  transformation  matrix  'P  from  yaw  angle  Inner  Yaw(n) 

(g)  Construct  pitch  transformation  matrix  0  from  pitch  angle  Outer  Pitch(n) 

(h)  Construct  roll  transformation  matrix  <&  from  roll  angle  Outer  Roll(n) 

(i)  CSA  =  'P  0  <J> 

(j)  CSI  =  CSA  CAI 

(k)  ZTheta,  =  cos  '(CSI,  j) 

(l)  If  ZTheta,  >  Jt/2  then  iTTheta,  =  ZTheta,  -  k 

(m)  If  PIT  =  1  then  set: 

(i)  ThetaLoS  =  |sin  *CSA,jl 

(ii)  PsiLoS  =  tan  '(CSA,j/CSA„) 

(iii)  If  PV  =  1  then  set; 

T  =  0 
Otherwise: 

If  HorNat  =  1  then  set 

T  =  tan  '[sin(Outer  RoU)/(cos(Outer  Pitch)  cos(Outer  Roll))] 
sin(Iiuier  Yaw)/2 
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Othenvise: 

X  =  tan  '[sin(Outer  Roll)/(cos(Outer  Pitch)  cos(Outer  Roll))] 
sin(Inner  Yaw)/2  -  PsiLoS 


Otherwise; 
exit  from  module 


OUTPU  rs  (040  Hz): 


Parameter  Destination 


Inertial  to  sightlir'*  transformation  matrix 
Pod  pitch  angle 
Depression  angle 

Depression  angle  line-of-sight  marker 
Azimuth  angle  line-of-sight  marker 
Derotation  angle 

COMMENTS; 


CSI 

Outer  Pitch(n) 
ZTheta, 

Theta  LoS 
Psi  Los 


1.6,  10.6 
10.4 

External 
External 
External 
11.17,  External 


(a)  CSA  is  the  aircraft-to-sightliire  coordinate  transformation  matrix  (see  Appendix  I  for  full 
details).  Subscripts  of  CSA  ^er  to  elements  of  this  matrix. 

(b)  Outer  artd  inner  angles  refer  to  outer  gimbal  atxl  inner  gimbal  rotations  of  the  PT  pod. 
Manual  adjustments  made  by  the  operator  to  the  positioning  of  the  pod  sightline  are  achieved 
by  changes  in  the  inner  gimlMl  angles;  inrter  yaw  mi  Uuter  pitch.  Since  the  itmer  gimbals  have 
limited  travel,  the  pod  continually  attempts  to  nullify  them  by  making  adjustments  to  the  outer 
gimbal  angles.  This  is  emulated  in  the  simulation  by  equations  (a)  to  (d). 


(c)  In  horizon  natural  mode  the  horizon  of  the  PT  image  dbplay  is  always  shown  horizontally. 
The  derotation  function  serves  to  translate  the  correction  signals  of  the  operator  (who  views  such 
a  display)  into  approp.  'ate  azimuth  and  elevatkmal  rotations  of  the  pod  sightline.  The  derotation 
function  also,  in  horizon  natural  mode,  rotates  the  PT  image  appropriately  so  that  the  image 
remains  upright  when  the  aircraft  flies  directly  or  rteariy  directly  over  the  target. 


XII.5  MODULE  10.4:  PT  POD  SIGHTLINE  DIRECTIONAL  COSINE 
WITH  PERFECT  OPERATOR  (940  Hz) 


PURPOSE: 

To  determine  PT  Pod  directioital  oosirtes  from  die  precise  ranges  to  target  for  use  while 
in  perf^  operator  mode. 


INPUTS  (040  Hz); 


Pave  tack  prime  (Binary) 

Dead-man  switch  depressed  to  1/2  action 
(Binary) 

Pod  in  track  (Binary) 

Inertial  to  aircraft  transformation  matrix 
Aircraft  coordinate  ranges  to  foe  target 


Parameter 

Source 

Update 

PTPRM 

15 

cs 

1/2  ACTION 

15 

cs 

PIT 

15 

cs 

CAI 

102 

040  Hz 

T 

102 

040  Hz 
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Perfect  operator  selected  (Binary) 

PerfectOp 

112 

cs 

Sightline  pitch  (elevation)  angle 

Outer  Pitch(n-l) 

10.4,10.3,7.2,7.3 

@40  Hz 

Sightline  pitch  (elevation)  rate 

10.1 

@40  Hz 

Horizon  natural  selected  (Binary) 

HorNat 

15 

cs 

Pave  tack  pod  view  selected  (Birury) 

PV 

15 

cs 

PRCXTESSING: 

Timing  reference  tjo: 

If  PT  PRM  =  1  and  PerfectOp  =  I  and 

if  PIT  =  1  or  1/2  ACTION  =  1  but  not  both  simultaneously  then: 

(a)  (i)  PPitch  a  Outer  Pitch(n-l)  +  a^/40 

(ii)  Outer  Roll(n)  =  tan  ‘(*T2/T3) 

(iii)  Outer  Pitch(n)  =  tan  ’t-(Tj*  +  Tj^/T,] 

(iv)  Irmer  Yaw(n)  =  0 

(v)  DelElevation  =  Outer  Pitch(n)  •  PPitch 

(b)  Construct  yaw  transformation  matrix  '¥  from  yaw  angle  Inner  Yaw(n) 

(c)  Construct  pitch  transformation  matrix  0  from  pitch  angle  Outer  Pitch(n) 

(d)  Construct  roll  transformation  matrix  ^  from  roll  angle  Outer  Rol](n) 

(e)  CSA  =  »P  0  4> 

(f)  CSI  =  CSA  CAI 

(g)  ZTheta,  =  cos  '(CSIij) 

(h)  If  ZTheta,  >  k/2  then  ZTheta,  «  2rrheta,  -  it 
(m)  If  PIT  s  1  then  set: 

(i)  ThetaLoS  =  |sin'’CSA,j| 

(u)  PsiLoS  =  tan  ‘(CSA,2/CSA„) 

(iii)  If  PV  s  1  then  set. 

T  a  0 
Otherwise: 

If  HorNat  s  1  then  set 

X  =  tan  '[sin(Outer  Roll)/(cos(Outer  Pitch)  cosfOuter  Roll))]  - 
sin(Inner  Yaw)/2 
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Otherwise: 

X  =  tan  '[sin(Outer  Roll)/(cos(Outer  Pitch)  cos(Outer  Roll))] 
sin(Inner  Yaw)/2  -  PsiL^ 


Otherwise: 

exit  from  module 

OUTPUTS  (040  Hz): 


Inertial-to-sightline  transformation  matrix 
Si^tline  pitch  (elevation)  angle 
Elevatin  operator  adjustment 
Depression  angle 

Depression  angle  tine-of-sight  marker 
Azimuth  angle  line-of-si^t  marker 
Derotation  angle 


Parameter 

CSI 

Outer  Pitch(n) 

DelElevation 

ZTheta, 

Theta  LoS 
Psi  Los 


Destination 

1.6,  10.6 
103,  10.4 
73 

External 
External 
External 
11.17,  External 


XIL6  MODULE  10.5:  PREaSE  AIRCRAFT  POSITION  AND  AIRCRAFT 

TO-TARGET  RANGES 


PURPOSE: 

To  determine  the  precise  position  of  the  aircraft  for  calculation  of  precise  laser  range. 


INPUTS  (cs): 


Inertial  velocity  north 

Inertial  velocity  east 

Pressure  altitude  rate 

Pressure  altitude  rate  at  last  calculation 

Initial  latitude 

Initial  longitude 

Pressure  altitude 

Destination  latitude 

E)estination  longitude 

Fixpoint  elevation 

Stored  offset  rtorttt 

Stored  off^  east 

Stored  offset  vertical 

Radar  prime  (Binary) 

Offset  mode  selected  (Binary) 

PT  pod  differential  sitting  selected  (Binary) 

Current  time 

Time  of  last  calculation 

Position  at  last  calculation 


Parameter 

Source 

Update 

Vw 

1.4 

cs 

Vm 

1.4 

cs 

1.4 

cs 

103 

cs 

1.1 

cs 

1.1 

cs 

1.4 

cs 

13 

cs 

Lx) 

12 

cs 

H, 

12 

cs 

Kno 

2.1 

cs 

K50 

2.1 

cs 

Kvo 

2.1 

cs 

RDRPRM 

13 

cs 

OS 

13 

cs 

R/T  LOS  SEL 

13 

cs 

Tune 

External 

cs 

HmeLast 

103 

cs 

Pointl(n-l) 

103 

cs 
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PROCESSING: 

Timing  reference  to: 

(a)  If  Time  =  0  then: 

Pointl,(n)  =  Xpo 
Pointljfn)  =  Lro 
Pointlsfn)  =  Hp 

ELSE: 

(b)  Pointl,(n)  =  V,N(Time-TiineLast)/m  +  Pointl,(n-l) 

Pointlzfn)  =  ViE(Time-TimeLast)/(re  cos(Pointl,(n)))  +  Pointljfn-l) 
Pointlsfn)  =  H,(Time-TimeLast)  +  Pointlj(n-l)  +  (Nj  -  NO 
TimeLast  =  Time 
H;  =  a 

(c)  Point2,(n)  =  Xoo 
Point2j(n)  =  Lqo 
Point23(n)  =  Hp 

(d)  Point3i(n)  =  Point2,(n) 

PoinGjfn)  =  Point2j(n) 

Point33(n)  =  Point23(n) 

(e)  APt,  =  Point3,(n)  -  Pointl,(n) 

APtj  =  Point37(n)  -  Pointl2(n) 

hpi  =  (APt2/2)  sin(APt2)  co9(Pointl,(n))  sin(Point3,(n)) 

(0  If  OS  =  1  and  R/T  LOS  Sel  =  0  or  RDR  PRM  =  1,  then: 

NR  =  6076.98(3437.747APt,  +  h,,)  +  Kno 
ER  =  6076.98(3437.747APt2  co8(Point3,(n))  +  Kpo 
VR  =  Pointl3(n)  -  Point33(n)  +  239  x  10*  (NR*  +  ER*)  +  Kyo 
Otherwiae: 

NR  =  6076.98(3437.747APt,  +  h„) 
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ER  =  6076.98(3437.747APt2  cos(Point3,{n)) 

VR  =  Pointl3(n)  -  Point33(n)  +  2.39  x  10*  (NR^  +  ER^) 
OUTPUTS  (cs): 


Parameter 

Destination 

Aircraft's  actual  position 

Pointl 

105 

Precise  north  range 

NR 

102,  External 

Precise  east  range 

ER 

102,  External 

Precise  vertical  range 

VR 

10.2,10.6,  External 

Time  of  last  calculation 

TimeLast 

105 

Pressure  altitude  rate 

h; 

105 

COMMENTS: 

(a)  Point2  represents  the  coordinates  of  the  centre  of  the  crosshairs  on  the  screen,  when  the 
weapons  officer  is  looking  at  the  aimpoint. 

(b)  Points  represents  the  coordiiuites  where  the  centre  of  the  line  of  sight  first  intersects  with  the 
ground. 

(c)  The  term  2.39x10*  is  a  numerical  quantity  used  in  the  compensation  of  earOi  curvature 
between  the  aircraft  and  aimpoint. 

(d)  Precise  quantities  are  those  parameter  values  known  to  the  analyst  but  not  to  the  system  (see 
Section  5  of  the  main  text  for  further  details). 

(e)  The  variables  m  and  re  in  equation  (b)  represent  the  earth's  radius  (in  feet)  in  the  latitude 
and  longitude  directior\s. 


XII.7  MODULE  10.6;  LASER  RANGE  CALCULATION  (@10  Hz) 

PURPOSE: 

To  determine  the  laser  range  to  the  aimpoint  being  viewed. 


INPUTS  (010  Hz): 

Parameter 

Source 

Update 

Precise  vertical  range 

VR 

105 

cs 

Vertical  direction  cosirte 

CSIu 

103,  10.4 

@40  Hz 

PROCESSING: 

Timing  reference  W 
(a)  If  CSI,3  *  0,  then 

Rs.  =  VR/CSI,j 
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C*  Otherwise: 

Ra.  =  1.7  *  10*® 
OUTPUTS  (@10  Hz): 


C 


PT  Pod  laser  slant  range 


Parameter  Destiiution 

Ra.  1.6 


COMMENTS: 

(  (a)  In  the  OFP  the  laser  range  is  an  externa)  input  and  is  both  a  sight  lirw  position  and  terrain 

depeiKlent  quantity.  The  above  steps  are  conducted  to  simulate  ttus  range  by  using  the  known 
positions  of  the  target  (or  offset)  and  aircraft  and  by  assuming  a  flat  tenain  in  the  viciiuty  of  the 
aimpoint. 


C 
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ENTRY 

1 

V 

10.1 

CALCULATION  OF  RATE  AIDING  TERMS  (@40  Hz) 

1 

V 

102 

DETERMINATION  OF  AIRCRAFT  TO  INERTIAL  COSINES  (040  Hz) 

I 

V 

103 

DETERMINATION  OF  SIGHTUNE  TO  INERTIAL  COSINES 
WITH  MANUAL  TRACKER  (040  Hz) 

1 

V 

10.4 

DETERMINATION  OF  SIGHTLINE  TO  INERTIAL  COSINES 
WITH  PERFECT  TRACKER  (040  Hz) 

I 

V 

105 

DETERMINATION  OF  PRECISE  AIRCRAFT  POSITION  (cs) 

I 

V 

10.6 

LASER  RANGE  CALCULATION  (010  Hz) 

1 

V 

EXIT 


Figure  Xn.l:  Sequence  of  events  for  position  of  target  relative  to  aircraft  (module  10) 
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X1II.1  INTRODUCTION 

The  events  associated  with  module  11  are  illustrated  in  Figure  Xni.l.  Eadi  of  the  submodules 
of  this  event  sequence  are  detailed  below. 

XIII  module  11.1:  SET  THE  PT  MODE  OF  OPERATION 

PURPOSE; 

To  set  either  the  radar  or  PT  screen  to  be  prime  aivl  to  set  the  PT  mode  of  operation. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Primary  screen  selection  key 

"P“ 

Keyboard 

cs 

PT  mode  selection  key 

M|M 

Keyboard 

cs 

PT  mode  selection  variable 

PT  MODE  SEL 

11.1 

cs 

PT  prime  (Binary) 

PTPRM 

15. 11.1 

cs 

Radar  prime  (Binary) 

RDR  PRM 

15, 11.1 

cs 

PROCESSING: 

Timing  refererKe  t^: 

If  the  "p"  key  was  pressed  or  the  T  key  was  pressed  then: 

(a)  If  the  "p"  key  was  pressed  then 

(i)  PT  Prm  =  1  -  PT  Prm 

(ii)  Rdr  Prm  =  1  •  Rdr  Prm 

(iu)  1/2  ACTION  *  0 

(iv)  PIT  =  0 

(v)  tSR  ARM  -  0 

(vi)  LSR  FIRE  »  0 

(b)  If  PT  PRM  *  1  and  the  ’1"  key  has  been  pressed,  then: 

PT  MODE  SEL  =  1  -  PT  MODESEL 


Otherwise: 
exit  from  module 
OUTPUTS  (cs): 

Parameter  Destination 

PT  prime  (Binary)  PT  PRM  15, 11.1 
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Radar  prime  (Biliary)  RDR  PRM  15,  11.1 

Dead-man  switch  at  1/2  action  (Binary)  1/2  ACTION  15 

Pod  in  track  (Binary)  PIT  15 

Laser  armed  (Binary)  LSR  ARM  15,  115 

Laser  firing  (Binary)  LSR  FIRE  15 


PT  mode  selection  variable  PT  MODE  SEL  11.1,  External 

COMMENTS: 

(a)  When  the  variable  PT  MODE  SEL  takes  the  value  of  1  the  pod  is  placed  into  normal  mode, 
when  it  takes  the  value  of  zero  the  pod  is  in  navigation  mode. 

(b)  When  the  operator  changes  the  display  on  the  primary  screen  the  values  of  1  /2  ACTION  and 
PIT  are  reset  to  zero,  ie  the  trigger  on  the  AIC  is  considered  to  be  released. 


XIIL3  MODULE  11,2;  PERFECT  OPERATOR  SWITCH 

PURPOSE: 

To  allow  the  program  to  be  switched  from  manual  operator  to  perfect  operator,  and  vice 
versa. 


INPUTS  (cs): 


Parameter 

Source 

Update 

Operator  switch  key 

Spacebar 

Keyboard 

cs 

Perfect  operator  selected  (Binary) 

PerfectOp 

112 

cs 

PROCESSING: 


Timing  reference  tj,; 

If  the  space  bar  has  been  pressed,  then: 

(a)  If  PerfectOp  =  1  then: 

PerfectOp  =  0 

else: 

PerfectOp  =>  1 

Otherwise: 
exit  from  module 
OUTPUTS  (cs); 

Parameter  Destination 

Perfect  operator  selected  (Binary)  PerfectOp  102, 105, 10.4,112,  11.17,  11.18 
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Xni.4  MODULE  11.3;  LASER  ARM  AND  FIRE  FUNCTION 

PURPOSE. 

To  allow  the  operator  to  arm  and  then  fire  the  laser. 


INPUTS  (cs): 


Parameter 

Source 

Update 

Arm /disarm  laser  key 

"r" 

Keyboard 

cs 

Laser  fire/stop  fire  key 

r 

Keyboard 

cs 

Laser  armed  (Binary) 

LSR  ARM 

1.5,  11.3 

cs 

PT  prime  (Binary) 

PT  PRM 

1.5 

cs 

Pod  in  track  (Binary) 

PIT 

1.5 

cs 

Laser  firing  (Binary) 

LSR  FIRE 

1.5,  11.3 

cs 

Current  time 

Time 

External 

cs 

PROCESSING. 


Timing  reference  tj,: 

If  PTPrm  =  1  and  if  the  "r"  or  "f"  keys  have  been  pressed,  then: 


(a)  If  "r"  was  pressed  and  PIT  =  1,  then: 

LSR  ARM  =  1  -  LSR  ARM 

(b)  If  "f"  was  pressed  and  LSR  ARM  =  1,  then; 

LSR  FIRE  =  I  -  LSR  FIRE 

(c)  If  LSR  ARM  =  0,  then: 

LSR  FIRE  =  0 

(d)  If  LSR  HRE  =  1,  then: 

LSR  TIME  =  TIME 
Activate  10.5 


Otherwise: 
exit  from  module 
OUTPUTS  (cs); 

Paranoeter  Destination 


Laser  Armed  (Binary) 
Laser  Firing  (Binary) 
Time  Laser  Fired 


LSR  ARM  1.5, 11.3 

LSR  FIRE  1.5,  11.3 

LSR  TIME  7.6 
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XIII.5  MODULE  11.4:  POD  ALTITUDE  MODE  SELECTION 

PURPOSE: 


To  allow  the  operator  to  change  the  pod  altitude  mode  while  in  flight. 
INPUTS  (cs): 


Parameter 

Source 

Update 

PT  alhtude  switch  key 

"v' 

Keyboard 

cs 

PT  altitude  calibration  selected  (Binary) 

PT  ALT  CAL 

11.4 

cs 

PT  prime  (Binary) 

PT  PRM 

1,5 

cs 

Processing; 

Timing  reference  tjj: 

If  PT  PRM  =  1  and  the  "v"  key  has  been  pressed,  then 
(a)  PT  ALT  CAL  =  1  -  PT  ALT  CAL 
Otherwise; 
exit  from  module 
OUTPUTS  (cs); 

Parameter  Destination 

PT  altituce  calibration  selected  (Binary)  PT  ALT  CAL  1.5,11.4 

XIII.6  MODULE  11.5:  POD  VIEW  MODE  SELECTION 


PURPOSE: 

To  allow  the  operator  to  change  the  field-of-view  of  the  pod  between  the  wide  and 
narrow  status. 

INPUTS  (cs): 

Parameter  Source  Update 

PT  view  switch  key  "v"  Keyboard  cs 

PT  narrow  FOV  selected  (Binary)  VIEW  SEL  VAR  11.5  cs 


PROCESSING. 


Timing  reference  tj,: 

If  PT  PRM  =  1  and  the  "v"  key  has  been  pressed,  then: 

(a)  VIEW  SEL  VAR  =  1  -  VIEW  SEL  VAR 

(b)  If  VIEW  SEL  VAR  =  0  then 
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VIEW  ANGLE  V  =  7.5^ 

VIEW  ANCLE  H  =  10"' 

Otherwise: 

VIEW  ANGLE  V  =  2° 

VIEW  ANGLE  H  =  2.5’’ 

Otherwise: 
exit  from  module 
OUTPUTS: 

PT  narrow  FOV  selected  (Binary) 

Pod  vertical  field  of  view 
Pod  horizontal  field  of  view 

XIII.7  MODULE  11.6:  RADAR  ALTITUDE  MODE  SELECTION 

PURPOSE: 

To  allow  the  operator  to  change  the  radar  altitude  mode. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Radar  altitude  switch  key 

"s" 

Keyboard 

cs 

LARA  calibration  selected  (Binary) 

AC 

11.6 

cs 

PROCESSING: 

Timing  reference  t2i: 

If  the  "g"  key  has  been  pressed,  then 
(a)  AC  =  1  -  AC 
Otherwise: 
exit  iVom  module 
OUTPUTS  (cs): 

Parameter  Destination 

LARA  calibration  selected  (Binary)  AC  1.5,  11.6 


Parameter 


Destination 


VIEW  SEL  VAR 
VIEW  ANGLE  V 
VIEW  ANGLE  H 


11.5 

11.17,  External 
11.17,  External 
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COMMENTS; 

(a)  This  module  is  not  currently  activated  in  the  program,  as  one  of  the  assumptions  of  the 
current  program  is  that  LARA  altitude  calibration  is  never  selected. 


XIII.8  MODULE  11.7:  UPDATE  SELECTION  MODE 

PURPOSE: 


To  allow  the  operator  to  swap  between  present  and  destination  position  updating. 
INPUTS  (cs): 


Update  switch  key 

Destination  (or  present  position)  selected  (Binary) 


Parameter 

Source 

Update 

"u” 

Keyboard 

cs 

PP/DEST 

11.7 

cs 

PROCESSING: 


Timing  reference  t2i: 

If  the  "u"  key  has  been  pressed,  then 

(a)  PP/DEST  =  1  -  PP/DEST 

Otherwise: 

exit  from  module 

OUTPUTS  (cs): 

Parameter  Destination 

Destination  (or  present  position)  selected  (Binary)  PP/DEST  1.5,  11.7 

XIII.9  MODULE  11.8:  DIFFERENTIAL  SIGHTING  SELECTION 


PURPOSE: 

Allows  the  operator  to  place  the  pod  into  differential  sighting  mode  during  flight. 
INPUTS  (cs): 

Parameter  Source  Update 

Differential  sighting  key  "d"  Keyboard  cs 

PT  pod  differential  sighting  selected  (Binary)  R/T  LOS  SEL  11.8  cs 

PROCESSING. 


Timing  reference  tji: 

If  the  "d"  key  has  been  pressed,  then: 
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(a)  R/T  LOS  SEL  =  1  -  R/T  LOS  SEL 

(b)  1/2  ACTION  =  0 

(c)  prr  =  0 

(d)  LSR  ARM  =  0 

(e)  LSR  HRE  =  0 

(f)  CueButton  =  1 
Otherwise: 

exit  from  module 


OUTPUTS  (cs): 

Parameter  Destination 

PT  pod  differential  sighting  selected  (Binary)  R/T  LOS  SEL  15,  11.8 

Dead-man  switch  depressed  to  1/2  action  (Binary)  1/2  ACTION  15 

Pod  in  track  (Binary)  PIT  15 

Laser  arm  (Binary)  LSR  ARM  15 

Laser  fire  (Binary)  LSR  FIRE  15 

Cue  mode  status  indicator  (Binary)  CueButton  15 


XIII.10  MODULE  11.9;  BOMB  OR  NAVIGATION  MODE  SELECTION 

PURPOSE: 


Allows  the  operator  to  change  die  bomb  or  navigation  mode. 
INPUTS  (cs): 


Parameter 

Source 

Update 

Short  range  navigation  selection  key 

ttl 

Keyboard 

cs 

Auto  b<.^mb  mode  key 

tt  ft 

f 

Keyboard 

cs 

Trail  bomb  mode  key 

tf  tt 

Keyboard 

cs 

Range  bomb  mode  key 

ft  ytt 

Keyboard 

cs 

PROCESSING: 

Timing  reference  t2i: 

If  any  of  the  "m",  or  ”/"  keys  have  been  pressed,  then: 
(a)  If  the  "m"  key  has  pressed,  then: 

(i)  SR  =  1 


(ii)  BM  =  0 
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(iii)  RB  =  0 

(iv)  AB  =  0 

(b)  If  the  key  has  been  pressed,  then: 

(i)  SR  =  1 

(ii)  BM  =:  1 

(iii)  RB  =  0 

(iv)  AB  =  1 

(c)  If  the  key  has  been  pressed,  then 

(i)  SR  =  1 

(ii)  BM  =  1 

(iii)  RB  =  0 

(iv)  AB  =  0 

(b)  If  the  "T  key  has  been  pressed,  then: 

(i)  SR  =  1 

(ii)  BM  1 

(iii)  RB  =  1 

(iv)  AB  =  0 

Otherwise: 
exit  from  module 


OUTPUTS  (Binary)  (cs): 

Parameter  Destination 

Short  range  navigation  selected  SR  15 

Bomb  mc^  selected  BM  13 

Auto  bomb  selected  AB  13 

Range  bomb  selected  RB  13 
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XIII.11  MODULE  11.10;  OFFSET  SELECTION  MODE 

PURPOSE: 


This  module  allows  the  operator  to  select  an  offset  aimpoint  in  fli^t. 


INPUTS  (cs): 


Target  selection  switdi  key 

First  selection  switch  key 

Second  selection  switch  key 

Third  selection  switch  key 

Fourth  selection  sivitch  key 

Fifth  selection  switch  key 

Sixth  selection  switch  key 

PT  pod  differential  sighting  selected  (Birury) 

PT  prime  (Binary) 


Parameter 

Source 

Update 

0 

Keyboard 

cs 

! 

Keyboard 

cs 

! 

Keyboard 

cs 

3 

Keyboard 

cs 

4 

K^board 

cs 

5 

Keyboard 

cs 

6 

Keyboard 

cs 

R/T  LOS  SEL 

!5 

cs 

PTPRM 

IS 

cs 

PROCESSING: 

Timing  reference  tn.* 

If  one  of  the  number  keys  between  0  and  6  were  pressed,  then: 

(a)  OS  =  1 

(b)  If  the  "0"  key  was  pressed,  then: 


OS  =  0 


(c)  If  the  "1”  key  was  pressed,  then: 

(i)  OFFSET#!  *  1 

(ii)  OFFSET#!  =  0 

(iii)  OFFSET#3  »  0 

(hr)  OFFSET##  -  0 

(v)  OFFST#5  *  0 

(vi)  CXTSET#6  «  0 

(d)  If  the  T  key  was  pressed,  then: 

(i)  OFFSET#!  >  0 

(ii)  OFFSET#!  =  ! 

(Ui)  OFFSET#3  «  0 
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(iv)  OFFSEr#4  =  0 

(v)  OFFSET#5  =  0 

(vi)  OFFSET#6  =  0 

(e)  If  the  "3"  key  was  pressed,  then: 

(i)  OFFSET#!  =  0 

(ii)  OFFSET#2  =  0 

(iii)  OFFSET#3  =  1 

(iv)  OFFSET#4  =  0 
(V)  OFFSET#5  =  0 
(vi)  OFFSET#6  =  0 

(0  If  the  "4"  key  was  pressed,  then: 

(i)  OFFSET#!  =  0 

(ii)  OFFSET#2  =  0 

(iii)  OFFSET#3  =  0 

(iv)  OFFSEr#4  =  ! 

(v)  OFFSET#5  =  0 

(vi)  OFFSET#6  =  0 

(g)  If  the  "5”  key  was  pressed,  then: 

(i)  OFFSET#!  =  0 

(ii)  OFFSET#2  =  0 
(Ui)  OFFSET#3  =  0 

(iv)  OFFSEr#4  =  0 

(v)  OFFSET#5  =  ! 

(vi)  OFFSET#6  =  0 

(h)  If  the  "6"  key  was  pressed,  then: 

(i)  OFFSET#!  =  0 

(ii)  OFFSET#2  *  0 
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(iii)  OFFSET#3  =  0 

(iv)  OFFSET#4  =  0 
(V)  OFFSET#5  =  0 
(vi)  OFFSEr#6  =  1 

(i)  IF  R/T  LOS  =  0  and  PT  PRM  =  1.  then: 

(i)  1/2  ACTION  =  0 

(ii)  PIT  =  0 

(iii)  LSR  ARM  =  0 

(iv)  LSR  FIRE  =  0 

(v)  CueButton  =  1 
Otherwise: 

exit  from  module 


OUTPUTS  (Binary)  (cs): 


irst  stored  offset  selected 

Parameter 

OFFSET#! 

Destination 

15 

Second  stored  ofibet  selected 

OFFSET#! 

15 

Third  stored  offset  selected 

OFFSET#3 

15 

Fourth  stored  offset  selected 

OFFSET#4 

15 

Fifth  stored  offset  selected 

OFFSET#5 

15 

Sixth  stored  offset  selected 

OFFSET#6 

15 

Offset  mode  selected 

OS 

15 

Dead-man  switch  depressed  to  1/2  action 

1/2  ACTION 

15 

Pod  in  track 

PIT 

15 

Laser  arm  (Binary) 

LSR  ARM 

15 

Laser  Bre  (Binary) 

LSR  FIRE 

15 

Cue  mode  status  indicator  (Binary) 

CueButton 

15 

XIII.12  MODULE  11.11;  RADAR  MAGNIHCATION 

SELECTION 

PURPOSE; 

This  module  allows  the  operator  to  change  the  magnihcation  of  the  radar  display. 

INPUTS  (cs): 

Parameter 

Source 

Update 

Increase  radar  magnification  key 

Keyboard 

cs 

Decrease  radar  magnification  kiy 

Keyboard 

cs 

Radar  prime  (Binary) 

RDRPRM 

15 

cs 
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Radar  magnification  value  RDR  MAG  11.11  cs 

PRCXZESSING: 

Timing  refererKe 

If  RDR  PRM  =  1  and  if  the  ">"  or  "<"  keys  have  been  pressed,  then: 

(a)  If  the  ">"  key  has  been  pressed,  then: 

RDR  MAG  =  RDR  MAG  +  1 
Otherwise: 

RDR  MAG  =  RDR  MAG  -  1 

(b)  If  RDR  MAG  <  1  then: 

RDR  MAG  =  1 

(c)  If  RDR  MAG  >  7  then 

RDR  MAG  =  7 

Otherwise: 
exit  from  module 
OUTPUTS  (cs): 

Parameter  Destination 

Radar  magnification  value  RDR  MAG  11.11. 11.18,  External 

COMMENTS: 

(a)  There  are  8  different  magnifications  for  the  radar  screen. 

XIII.13  MODULE  11.12:  WEAPON  RELEASE  SELECTION 

PURPOSE: 


To  allow  the  operator  to  release  a  bomb  manually  or  to  manually  disengage  foe  weapon 
release  switch. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Release  switch  key 

"b" 

Keyboard 

cs 

Release  switch  selected  (Binary) 

RELSWT 

11.12,5.5 

cs 

Number  of  weapons  left 

•Vi 

11.12,53 

cs 
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PROCESSING: 

Timing  reference  tjj: 

If  the  "b "  key  has  been  pressed,  then: 

(a)  R£L  SWT  =  1  -  REL  SWT 

(b)  If  REL  SWT  =  1,  then: 

Owl  =  rtwL  "  ^ 

(c)  If  REL  SWT  =  1  aitd  Hwl  >=  0,  then: 

Set  Wr  =  1  for  time  twR  before  returrung  to  0 

(d)  If  nwL  <  0,  then: 

REL  SWT  =  0 


OUTPUTS  (cs): 


Release  switch  selected  (Binary) 
Number  of  weapons  left 
Weapon  released  (Binary) 

COMMENTS: 


Parameter  Destination 

REL  SWT  11.12,  1.2,  External 

nwL  1.2,  11.12 

Wr  1.5,  External 


(a)  The  value  of  Wr  is  reset  to  zero  whenever  the  time  to  impact  is  less  than  zero  or  after  twR 
seconds. 


XIIL14  MODULE  11.13:  HORIZON  NATURAL  SWITCH 


PURPOSE: 


To  allow  the  operator  to  select  and  deselect  Horizon  Natural  mode. 


INPUTS  (cs): 

Parameter 

Source 

Update 

Operator  switch  key 

"z- 

Keyboard 

cs 

Operator  switch  key 

"h" 

K^board 

cs 

Pave  tack  pod  view  selected  (Binary) 

PV 

11.13 

cs 

Horizon  natural  selected  (Binary) 

HorNat 

11.13 

cs 

PROCESSING: 


Timing  refereiKe  t^: 

(a)  If  the  V  key  has  been  pressed,  then: 
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PV  =  PV  -  1 

(b)  If  the  "h"  key  has  been  pressed,  then: 
If  HorNat  =  1,  then: 

HorNat  =  0 

else: 


HorNat  =  1 


Otherwise: 
exit  from  module 


OUTPUTS  (cs): 

Pave  tack  pod  view  selected  ^Binary) 

Horizon  natural  selected  (Binary) 

Parameter 

PV 

HorNat 

Destination 

15,  11.13 

15,  11.13 

XIII.15  MODULE  11.14:  DEAD-MAN  SWITCH  1/2  ACTION  CONTROL 

PURPOSE: 

To  allow  the  operator  to  place  the  AIC  trigger  into  1/2  Action  while  in  flight. 

INPUTS  (cs): 

Parameter 

Source 

Update 

Operator  switch  key 

rt|ff 

Keyboard 

cs 

Radar  prime  (Binary) 

RDR  PRM 

15 

cs 

Dead-man  switch  at  1/2  action  (Binary) 

1/2  ACTION 

15,  11.14 

cs 

Current  time 

Time 

External 

cs 

PT  pod  in  track  (Binary) 

PIT 

15, 11.15 

cs 

Inhibited  r^gkm  indicaKv  (Knary) 

Inhibit 

102 

@X)Hz 

PROCESSING: 

Tinung  reference  tg : 

If  RDR  PRM  s  1  or  Inhibit  =  0, 
and  the  "t"  key  was  pressed,  then: 

(a)  If  1/2  ACTION  =  0,  then: 

(i)  1/2  ACTION  =  1 

(ii)  If  RDR  PRM  =  1,  then 
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TIME  LAST  MOVE  »  Time 
(iii)  If  PIT  =  0,  then 
CueButton  >  0 

Otherwise: 

(i)  1/2  ACTION  =  0 

(ii)  CONCNT  =  0 

Otherwise: 
exit  from  module 


OUTPUTS  (cs): 

Parameter  Destination 

Last  time  checked  for  adjustment  TIME  LAST  MOVE  11.18 

Dead-man  switch  at  1/2  action  (Binary)  1/2  ACTION  13,  11.14 

Update  cycle  count  CONCNT  83 

Cue  mode  status  indicator  (Binary)  CueButton  13 


Xin.l6  MODULE  11.15:  DEAD>MAN  SWITCH  AT  FULL  ACTION 


PURPOSE: 


To  allow  the  operator  to  place  the  pod 
INPUTS  (cs): 


Operator  switch  key 
PT  prime  (Binary) 

PT  pod  in  track  (Binary) 

Inhibited  region  indicator  (Binary) 


into  track  mode  from  search  mode  and  vice  versa. 


Parameter 

Source 

Update 

"y" 

Keyboard 

cs 

PTPRM 

13 

cs 

PIT 

13, 11.15 

cs 

Inhibit 

102 

@40  Hz 

PROCESSING: 


Timing  refetciKe  t^i: 


If  PT  PRM  «  1,  and  Inhibit  «  1,  and  "y”  key  was  pressed,  then: 


(a)  If  PIT  =  0,  then 


(i)  PIT  =  1 

(u)  1/2  ACTION  »  0 

(iii)  CueButton  «  1 


n 
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UNCLASSIFIED 


Otherwise: 

(b)  (i)  PIT  =  0 

(ii)  1/2  ACnC»J  =  0 
(u)  LSR  ARM  s  0 

(iii)  LSR  FIRE  a  0 

(iv)  HKINT  =  0 

(v)  HJINT  »  0 

Otherwise: 
exit  from  module 


OUTPUTS  (cs): 

Parameter  Destination 

PT  in  track  (Binary)  PIT  15, 11.15, 11.14 

Dead-man  switch  at  1/2  action  (Binary)  1/2  ACTION  15 

Cue  mode  status  indicator  (Binary)  CueButton  15 

Laser  Bring  (Binary)  LSR  FIRE  15 

Laser  armed  (Binary)  LSR  ARM  15 

Operator  sightUrre  ^justment  in  the )  direction  HJINT  10.1 

Operator  sightline  adjustment  in  the  K  direction  HiGNT  10.1 


COMMENTS: 

(a)  The  laser  is  automatically  turned  off  and  disarmed  whenever  then  pod  goes  from  track  to 
a  search  mode. 

XIII.17  MODULE  1116:  CUE  BUTTON  DEPRESSED 

PURPOSE: 

Allows  the  operator  to  renter  cue  mode  after  bemg  in  course  cue  mode. 

INPUTS  (cs): 

Parameter  Source  Update 

Operator  switch  key  "c"  Keyboard  cs 

Cue  mode  status  (Binary)  CueButton  11.16  cs 

PRfXESSING: 

Timing  refereiKe  ta: 

If  PT  PRM  3  1  and  "c"  key  was  pressed,  then: 

UNCLASSIFIED 


234 


UNCLASSIFIED 


ERL-0656-RR 


CueButton  «  1 
Otherwise: 
exit  from  module 
OUTPUTS  (cs): 

Parameter  Destitution 

Cue  mode  status  indkalor  (Binary)  CueButton  1 5 

COMMENTS: 

(a)  When  the  operator  enters  course  cue  mode  from  cue  mode  by  depressing  the  AlC  trigger  to 
the  half  action  position  the  sight  line  of  the  pod  may  be  changed.  The  sight  line  is  then  slaved 
to  this  new  point,  even  after  the  trigger  is  released.  To  return  to  the  origanal  sight  line  the 
operator  must  press  the  cue  button. 


X1II.18  MODULE  11.17  FT  SIGHTUNE  ADJUSTMENT  (©40  Hz) 

PURPOSE ; 

To  allow  the  operator  to  adjust  the  pod  si^tline  while  in  track  or  course  cue  mode. 


INPUTS  («40  Hz): 


Pod  in  track  (Binary) 

Dead-man  switch  at  1/2  action  (Binary) 

PT  prime  (Binary) 

Pod  vertical  field  of  view 
Pod  horizontal  field  of  view 
Derotation  angle 
Perfect  operator  selected  (Binary) 

PROCESSING: 

Timing  refcraxe  t» 

If  PT  PRM  3  1,  and  PerfectOp  «  1  then: 

(a)  If  PIT  »  1  or  1/2  ACTION  »  1  then; 


Parameter 

Source 

Update 

PIT 

13 

cs 

1/2  ACTION 

13 

cs 

PTPRM 

13 

cs 

VIEW  ANGLE  V 

113 

cs 

VIEW  ANGLE  H 

113 

cs 

X 

72,73,103.10.4 

040 

PerfectOp 

112 

cs 

(i)  Read  left-to-right  and  fbre-to^ft  signals  from  (^ator  joystick.  Set  to  DIFF  X 
and  DIFF  Y  respectively. 

(b)  Hx  =  •  3  (DIFF  Y)  (VIEW  ANGLE  V/(Height  of  screen)) 

(c)  Hy  =  -  DIFF  X  •  3  •  VIEW  ANGLE  H/(Width  of  screen) 


(d)  *  -Hy  sin(t)  +  H*  cos(t) 


UNCLASSIFIED 
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(«)  Sa^m*  =  Hy  co6(t)  +  Hx  sin(x) 
Otherwise; 
exit  from  module 


OUTPUTS  («40  Hz): 


Elevational  operator  adjustment 
Azimuthal  operator  adjustment 

COMMENTS: 


Parameter 


Destination 


75,  10.1, 103 
10.1,  10.3 


(a)  Hx  and  Hy  are  manual  acceleration  signals  from  dte  thumb  joystick  and  are  used  to  adjust 
pod  sightline  rate  when  in  track  mode. 


XII1.19  MODULE  11.18:  RADAR  MODE  ADJUSTMENTS  (940  Hr) 


PURPOSE; 

To  allow  the  operator  to  move  the  radar  cursors  during  the  flight. 


INPUTS  (®40  Hz): 


Parameter 

Source 

Update 

Radar  flxpoint  relative  bearing 

3.7 

016  Kt 

Radar  slant  range 

3.6 

OaZHr 

Ground  track 

8t 

22 

cs 

Last  time  checked  for  adjustment 

TIME  LAST  MOVE 

11.14, 11.18 

0X)Hz 

Dead-man  switch  at  1/2  action  (Binary) 

1/2  ACTK»I 

13 

cs 

Radar  prime  (Binary) 

RDR  PRM 

13 

cs 

Perfect  operator  selected  (Binary) 

PerfectOp 

113 

cs 

Radar  magnification  value 

RDR  MAG 

11.11 

cs 

Destination  latitude 

23 

cs 

Destination  longitude 

Lo 

23 

cs 

Stored  offset  north 

Kno 

2.1 

cs 

Stored  offset  east 

2.1 

cs 

Current  time 

Time 

External 

cs 

PROCESSING: 

Timing  reference 

If  RDR  PRM  s  1  and  PerfectOp  »  1  then: 
(*)  (1)  Sn«*i  ®  0 


(U)8h.u*0 


(iu)«M-.a-0 
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(iv)  Se^  =  0 

(b)  tAIC  =  TIME  -  TIME  LAST  MOVED 

(c)  TIME  LAST  MOVED  =  Time 

(d)  Read  left-toright  and  fore-tcHift  signals  from  AIC  handle.  Set  to  DIFF  X  and  DIFF  Y 
respectively. 

(e)  MagScale  =  2“®  ' ' 

(0  If  DIFF  Y*0.  then: 

(i)  8E«a  =  3  -DIFF  Y  R*  MagScale  /  (K,  1  Sinfe.+e,)  1 ) 

(ii)  8No«hi  =  3  -DIFF  Y  RSR  MagScale  /  (K,  |  Cos(e,+e,)  | ) 

(g)  If  DIFF  X  0,  then: 

(i)  Se^q  =  3  DIFF  X  Ra  MagScale  /  (Kj  |  Cos(0,+eB)  | ) 

(ii)  Snom  =  3  DIFF  X  RSR  MagScale  /  (Kj  1  Sin(e,+e,)  1 ) 

(f')  ^Nai*T  =  +  SnocM 

(i)  SEastT  =  8e^  +  8c^ 

(j)  XRDRRET  =  Xo  +  (K«  +  5n«*t)  /  RN 

(k)  LRDRRET  *  Lq  +  (Ka  +  /  (RE  cosfXmjmiEi)) 

(i)  ^AB8  =  ^SOUIET 


(m)  LppAgg  =  L|mi]|2r 


OUTPUTS  («40  Hz): 


Parameter  Destination 


AIC  dead-man  switdt  depressed  duration  Iak  1-5 

Tune  last  time  check  for  adjustment  TIME  LAST  MOVE  11.18 

Radar  return  absolute  latitude  X^pah  1-4 

Radar  return  absolute  longitude  X.4 

Radar  return  latitude  Xwonn  X.4 

Radar  return  longitude  Lumot  ^-4 


COMMENTS: 

(a)  The  symbols  K,  and  Kj  represent  scalmg  constants  that  adjust  the  sensitivity  of  the  AIC 
handle. 

(c)  The  symbols  RN  and  RE  represent  approximations  to  the  radius  of  the  earth  along  lines  of 
longitude  and  latitude  aiKl  take  the  values  204961xl(P  and  20.9667x10^  ft  respectively. 
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ENTRY 

I 

V 
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1‘RIMARY  SCREEN  AND  l*T  MODE  SELECTION  (cs) 

I 

V 

U.2 

PERf=ECr  OPERATOR  SELECTION  (c») 

I 

V 

n  3 

LASER  CONTROL  SELECTION  ia) 

t 

V 

11.4 

PT  altitude  MODE  SELECHON  (c*) 

I 

V 

115 

PT  VIEW  SELECTION  (c$) 

I 

V 

tl.6 

RADAR  ALTITUDE  MODE  SELECTION  lo) 

I 

V 

11.7 

PRESENT/DEST  UPDATE  SELECTION  (c») 

! 

V 

u.» 

DIFFERENTIAL  SIGHTING  SELECTION  (cs) 

I 

V 

U.9 

NAV/BOMB  MODE  SELECTION  (a) 

I 

V 

11.10 

OFRET  MODE  SELECTION  (a) 

I 

V 

n  n 

radar  MACNIRCaHON  SELECTION  (a) 

I 

V 

11.12 

WEAPON  RELEASE  SELECHON  (a) 

I 

V 

n.i3 

HORIZON  NATURAL  SELECTION  (a) 

I 

V 

11.14 

1/2  ACTION  SWITCH  MODULE  (a) 

1 

V 

U.I5 

FUa  ACnON  SWITCH  MODULE  (a) 

I 

V 

11.16 

CUE  MODE  S&ECnON  MODULE  (a) 

I 

V 

11.17 

PT  SICHTtlNE  ADJUSTMENTS  mO  Hz) 

I 

V 

n  IS 

RADAR  CURSOR  ADJUSTMENTS  (tSO  Hz> 

I 

V 

EXIT 

Figure  XIILl:  Baseline  sequence  of  events  for  operator  interaction  (module  11) 
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17.  DEFTEST  Descriptors 
Pave  Tack 

Computerised  simulation 
Performance  evaluation 
Navigational  aids 
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19.  Abstract 


Pave  Tack  is  an  all  weather,  day  and  night,  navigation  and  weapon  delivery  system  fitted  to 
the  F-lllC  aircraft.  A  PC-based,  interactive  digital  computer  simulation  has  been  written 
which  can  be  used  to  assess  the  performance  of  the  Pave  Tack  system  and  also  as  a 
computer-aided  training  device.  Irt  forming  the  simulation,  it  was  necessary  to  model  a 
nun^r  of  avionics  and  sensor  aspects  and  an  F-lllC  flight  path  generator  was  used  to 
produce  accurate  data  off-line.  This  report  details  the  history,  structure  and  general 
capabilities  of  the  F-lllC  Pave  Tack  Simulation  (FFT5). 
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